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The Inor ga nic Crys tal Structu re Da ta base (ICSD)

The In or ganic Crys tal Struc ture Da ta base (ICSD) is the
world’s larg est da ta base for com pletely de ter mined in or -
ganic crys tal struc tures. It is de vel oped and main tained by
Fachinformationszentrum Karlsruhe (FIZ), Ger many. The
da ta base of fers an ex ten sive col lec tion of known in or ganic
crys tal struc tures pub lished since 1913 in clud ing their
atomic co or di nates [1]. A typ i cal en try in cludes the chem i -
cal name, for mula, unit cell, space group, com plete atomic
pa ram e ters, atomic dis place ment pa ram e ters, site oc cu pa -
tion fac tors and com plete lit er a ture ci ta tion. In ad di tion to
the struc tural data of in or ganic com pounds, the da ta base
also pro vides in for ma tion on use ful struc tural descriptors
(e.g. Pearson sym bol, ANX for mula, Wyckoff se quences,
min eral name) and syn the sis con di tions. The atomic co or -
di nates of all struc tures con tained in ICSD have been fully
de ter mined or were de rived from the cor re spond ing struc -
ture types. The cur rent re lease (2015/1) con tains 177 373
crys tal struc tures [1]. The struc tural data are ex tracted by
reg u lar scan ning of sci en tific jour nals, bib lio graphic da ta -
bases and internet pub li ca tions. The da ta base is up dated
twice a year; each time is added ap prox i mately 3 500 new
en tries.  The en tries are tested for for mal er rors, plau si bil ity 
and log i cal con sis tency. The ICSD da ta base is of fered with
two dif fer ent re trieval in ter faces: the off-line FindIt in ter -
face and the stand-alone web por tal (ICSD web).

Dif fe rent de grees of si mi la ri ty be tween inor ga nic
structu res 

The the o ret i cal con cepts for def i ni tion of a struc tural type
and dif fer ent de grees of sim i lar i ties be tween in or ganic
struc tures were de fined in the re port of the IUCr Com mis -
sion on Crys tal lo graphic No men cla ture [2]. The re port de -
fines two most im por tant terms, which de fine dif fer ent
de gree of sim i lar ity be tween in or ganic struc tures – iso -
pontial and isoconfigurational struc tures. Ac cord ing to the 
re port [2], two struc tures are isopontial if:

• they have the same space group or be long to a pair of
enantiomorphic space groups;

• the atomic po si tions, oc cu pied ei ther fully or par -
tially at ran dom, are the same in the two struc tures,
i.e. the com plete se quence of the oc cu pied Wyckoff
po si tions is the same for the two struc tures when the
struc tural data have been stan dard ized.

The group of isoconfigurational struc tures can be
viewed as a sub group of isopontial struc tures. Two struc -
tures are isoconfigurational if [2]:

• they are isopontial
• for all cor re spond ing Wyckoff po si tions, both the crys -

tal lo graphic point con fig u ra tions and their geo met ri cal
in ter re la tion ships are sim i lar.
These con di tions re quire the en tire con fig u ra tion of the

two isoconfigurational struc tures to be sim i lar. Con se -
quently, all geo met ri cal prop er ties, such as ax ial ra tios, an -
gles be tween crys tal lo graphic axes, val ues of cor res-
ponding ad just able po si tional pa ram e ters (x, y, z) and
coordinations of cor re spond ing at oms are sim i lar.   

The in tro ducti on of the structu re types into the
ICSD da ta base 

Since 2005, FIZ Karlsruhe be gan to in tro duce struc ture
types into the ICSD da ta base [3]. In the ICSD da ta base,
two crys tal struc tures are re garded as isostructural (i.e.
they be long to the same struc ture type) if they are
isoconfigurational. For ze o lite crys tal struc tures, only the
frame work at oms are taken into ac count in the de ter mi na -
tion of isoconfigurational struc tures. Hence, the de ter mi na -
tion of the isoconfigurational struc tures in the ICSD
da ta base con sists of two steps [3]:
1. De ter mi na tion of isopontial struc tures
2. Sub di vi sion of isopontial struc tures into the dif fer ent              
struc tural types by means of ad di tional struc tural des -
criptors. 

For this sub di vi sion, the fol low ing cri te ria are used: 
(i) crys tal lo graphic com po si tion type (ANX  for mula);
(ii) range of c/a ra tio; 
(iii) beta range; 
(iv) nec es sary el e ments (com bined by “and” or “or”);
(v) for bid den el e ments (com bined by “and” or “or”);
(vi) atomic co or di nates.
The cri te ria (iv) and (v) take into con sid er ation the

crys tal chem is try: same el e ments oc cur in rep re sen ta tive of 
a given type (e.g. O in ox ide struc tures or F, Cl, Br, I in
halides), whereas O in intermetallics is the for bid den el e -
ment [3].  The cri te ria i-v are suf fi cient for sep a ra tion and
as sign ment of most struc ture types. Only in a few cases, the 
atomic co or di nates must be checked as and ad di tional cri te -
rion (vi). A fi nal cri te rion that must be ful filled be fore a
new struc ture type is in tro duced into the ICSD da ta base is
that it must rep re sent the struc tures of at least three dif fer -
ent com pounds with the same given struc ture [3]. The pro -
to type of the struc ture type is an ar bi trary cho sen
rep re sen ta tive of this struc ture type, mostly one of the early 
pub lished struc tures. The cur rent re lease of the ICSD da ta -
base (2015/1) con tains 177 373 struc tures. More than
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143 500 ICSD en tries have now been as signed to 9 136 dis -
tinct struc ture types. The most fre quent are spinel
(Al2MgO4), ha lite (NaCl) and perovskites (CaTiO3 and
GdFeO3).  

1. http://www.fiz-karlsruhe.de/icsd_home.html

2. J. Lima-de-Faria, E. Hellner, F. Libeau, E. Makovicky, 
E. Parthé, Acta Cryst., A46, (1990), 1.

3. R. Allman & R. Hinek,  Acta Cryst., A63, (2007), 412.
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In or ganic struc tural da ta bases and re lated da ta bases were
de scribed for ex am ple in [1]. How ever, the text needs some 
up dates.

Pow der Diffracti on File - PDF

The da ta base has al ready long his tory. It was started in a
form of card sets – ASTM in Fif ties, later on as JCPDS and
in last de cades it is called PDF. It is de vel oped, ed ited and
main tained by the ICDD - the In ter na tional Cen tre for Dif -
frac tion Data [2] and it is now of fered in sev eral ver sions
de clared as fol lows.

In the fol low ing para graphs some text from the website
(icdd.com) is used.

Re lease 2014 of the Pow der Dif frac tion File (PDF)
con tains 799,700+ unique ma te rial data sets. Each data set
con tains dif frac tion, crys tal lo graphic and bib lio graphic
data, as well as ex per i men tal, in stru ment and sam pling
con di tions, and se lect phys i cal prop er ties in a com mon
standardized format. 

Tra di tional form of the da ta base is PDF-2 and it is a
col lab o ra tive prod uct be tween ICDD, FIZ (Karlsruhe) and
NIST (Na tional In sti tute of Stan dards). It is de signed for
in or ganic ma te ri als anal y ses. Many com mon or ganic ma te -
ri als from ICDD are added to this da ta base to fa cil i tate
rapid ma te rial iden ti fi ca tion. It must be take into ac count
that quite of ten more re cords cor re spond to sin gle phase.
Each re cord con tains ta ble of interplanar spac ings (d), rel a -
tive in ten si ties (I) and of ten also dif frac tion in di ces (hkl).
In ad di tion, chem i cal for mula, chem i cal name, min eral
name for min er als, crys tal sys tem, some phys i cal char ac -
ter is tics, ex per i men tal pa ram e ters, bib lio graphic in for ma -
tion and mark of data quality. The PDF-2 licence is
life time, of course, without updates.

Pre ferred form of da ta base dis tri bu tion is now PDF-4+.  
It is de signed for both phase iden ti fi ca tion and quan ti ta tive
anal y sis. It con tains the data from both the PDF-2 and
ICDD’s col lab o ra tion with MPDS. This da ta base has com -
pre hen sive ma te rial cov er age for in or ganic ma te ri als and it
con tains nu mer ous ad di tional fea tures such as dig i tized
pat terns, mo lec u lar graphics, and atomic pa ram e ters. Some 
fea tures were in cluded to en hance the abil ity to do quan ti -
ta tive anal y sis us ing third party soft ware by any of three
meth ods: Rietveld Anal y sis, Ref er ence In ten sity Ra tio
(RIR) Method or To tal Pat tern Anal y sis. In lat est ver sion,
the ICDD added mod u lated en tries with atomic co or di -
nates. In 2015, new mo lec u lar graphics that vi su al ize var i -
ous mod u la tions will be in cluded. These en tries are part of
the new data source, designated ‘05’, which contains
crystal structures abstracted and quality checked by ICDD.

The da ta base has the fol low ing fea tures (2014)
• All 354,264 en tries have dig i tal pat terns for use in to -

tal pat tern anal y sis
• 258,125 en tries have I/Ic val ues for quan ti ta tive anal -

y sis by Ref er ence In ten sity Ra tio (RIR)
• 239,568 en tries with atomic co or di nates for quan ti ta -

tive anal y sis by the Rietveld method
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Ver si on Brief cha rac te ri zati on En t ries in 2014

PDF-4+

the most com pre hensi -
ve da ta base de signed
for phase iden ti fi cati on
and quan ti ta ti ve ana ly -
sis of inor ga nic ma te ri -
als

354 264

Web PDF-4+
pro vi des por ta bi li ty of
the PDF-4+ da ta base
via the In ter net

354 264

PDF-2
is de signed for phase
iden ti fi cati on of inor ga -
nic ma te ri als

274 443

PDF-4+/
Or ga nics

is a com pre hensi ve da -
ta base for phase iden ti -
fi cati on com bi ning both 
sin g le crys tal and pow -
der diffracti on data for
or ga nics and or ga no me -
tal lics

494 966

PDF-4+/
Mi ne rals

is the most com pre -
hensi ve col lecti on of
mi ne ral data with near -
ly 97% of all known
mi ne ral types

41 423

Ta ble 1. PDF ver sions avail able.

Sin gle li cense of the first four ver sions for one year is 8 660 USD
(5 775 USD for Ac a dem ics), one year re newal for 1 760 USD
(1 150 USD). See icdd.com for 3-year, 5-year or site li censes.



• Ex per i men tal dig i tal ref er ence pat terns for non-crys -
tal line ma te ri als

The PDF-4 li cense is strictly lim ited to a sin gle com -
puter (for sin gle li cense) and also time lim ited. If ex pired,
noth ing works.

WebPDF-4+ pro vides the needed por ta bil ity for ac -
cess ing the PDF-4+ da ta base via the internet. It en ables full 
func tion al ity of the PDF-4+ da ta base us ing a high-speed
internet con nec tion. WebPDF-4+ is de liv ered as a USB
com pat i ble dongle.

PDF-4/Organics is a highly tar geted da ta base with the
world’s larg est col lec tion of phar ma ceu ti cal ex cipi ents and 
poly mer ma te ri als. It is de signed for a mul ti tude of ap pli ca -
tions in phar ma ceu ti cal, reg u la tory, spe cialty chem i cal,
biomaterial, and fo ren sic fields. The prod uct has all of the
dis play soft ware and data min ing ca pa bil i ties con tained in
the PDF-4 family of products. 

Com par i son of da ta base fea tures can be found at
http://www.icdd.com/products/pdf4-2-comparison.htm

The ICDD and the col lab o rat ing da ta base or ga ni za tions 
each have ed i to rial mech a nisms for up dat ing his toric data.
Up dates are fre quently made by au thors. Cor rec tions in the
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Fig ure 1.  Ex am ple of search out put for one phase with d-spac ings, in ten si ties, hkl in di ces and sim u lated pow der pattern.

Fig ure 2.  Ex am ple of search out put for one phase. If struc ture is known (atomic co or di nates), the struc ture can be vi su al ized, Kikuchi 
lines, 2D dif frac tion pat tern (back-re flec tion) and elec tron dif frac tion can be cal cu lated.

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


data are made by us ers of the da ta base or ed i to rial re view -
ers. Typ i cally, tens of thou sands of his tor i cal entries are
updated each year.

ICDD’s search in dex ing pro grams, SIeve for PDF-2
and SIeve+ for PDF-4, are de signed to search and iden tify
un known ma te ri als. SIeve and SIeve+ are in te grated into
the ICDD da ta bases to al low the use of the ex ten sive data
min ing in ter faces, searches, and sorts avail able to im prove
ac cu racy and pre ci sion of the iden ti fi ca tion pro cess. For
ex am ple, us ers can uti lize the ex ten sive permutable
searches in each da ta base, then de fine their own search
subfile or use any of the “ap pli ca tion or ex pert-de fined”
subfiles and sub classes to in crease the ac cu racy of their
phase iden ti fi ca tion. In many cases, this pro vides a unique
ca pa bil ity to an a lyze the most dif fi cult prob lems. 

SIeve and SIeve+ of fer a va ri ety of al go rithms and op -
tions that al low us ers to op ti mize re sults for par tic u lar
chem is tries and both stan dard and non-stan dard dif frac tion 
sys tems. SIeve and SIeve+ fea tures au to matic ro ta tion of
the eight stron gest lines (Hanawalt) or the eight lon gest of
the stron gest lines (Fink) or the eight lon gest lines (Long8)
to look for en tries that ex hibit the best Good ness of Match
(GOM). In the last few years, new al go rithms have been
added to iden tify non-crys tal line ma te ri als and com plex
multi-phase spec i mens. Most of the al go rithms were de vel -
oped and op ti mized for a par tic u lar type of anal y sis and the
se lec tion op tions pro vide the user with a wide breadth of
an a lyt i cal ca pa bil ity. Since the fun da men tal al go rithms
used by SIeve/SIeve+ are dif fer ent than those used by most
commercial software programs, they can be strongly
complimentary. 

Sev eral use ful pre sen ta tions on the use of PDF can be
down loaded from

http://www.icdd.com/resources/tutorials/index.htm
Some of them will be used dur ing the pre sen ta tion

which will be fo cussed on new fea tures and possibilites
like to plot dif fer ent graphs – de pend en cies in the da ta base
(for ex am ple, lat tice pa ram e ters vs. stoichiometry, tem per -
a ture etc.), us ing the ap prox i mate fields, mul ti ple space
group search, more pow der dif frac tion pat tern sim u la tion
op tions, ex per i men tal data corrections etc.

Open structu ral and re la ted da ta bases

A list of pri mary and sec ond ary crys tal lo graphic da ta bases
can be found at http://www.iucr.org/resources/data. How -
ever, one is still miss ing there and it is the COD – Crys tal -
log ra phy Open Da ta base [3] that is - Open-ac cess
col lec tion of crys tal struc tures of or ganic, in or ganic,
metal-or ganic com pounds and min er als, ex clud ing
biopolymers [4]. Cur rently (June 2015) there are 315 590
en tries in the da ta base which is fully open ac cess as it has
been con structed this way from the very be gin ning. Only
sim ple search is avail able in clud ing ba si cally text, up to 8
el e ments chem i cal search (Boolean logics),  cell vol ume
lim its, jour nal, year, vol ume, is sue, Z-lim its, lat tice pa ram -
e ters lim its. How ever, then CIF files are avail able con tain -
ing all nec es sary struc tural in for ma tion as well as JSmol
struc ture pre view.

Min er al og i cal da ta bases are es sen tially also open. 
Amer i can Min er al o gist Crys tal Struc ture Da ta base [5]

in cludes ev ery struc ture pub lished in the Amer i can Min er -
al o gist, The Ca na dian Min er al o gist, Eu ro pean Jour nal of

Min er al ogy and Phys ics and Chem is try of Min er als, as
well as se lected datasets from other jour nals. The da ta base
is main tained un der the care of the Min er al og i cal So ci ety
of Amer ica and the Min er al og i cal As so ci a tion of Can ada,
and fi nanced by the Na tional Sci ence Foun da tion. The in -
ter face of fers chemistry, diffraction, lattice, author and
mineral searches.

Min er al ogy Da ta base [6] con tains 4714 min er als with a 
links and a com pre hen sive im age li brary. Each min eral has
a page linked to ta bles de voted to crys tal log ra phy, crys tal
struc tures, X-Ray pow der dif frac tion, chem i cal com po si -
tion, phys i cal and op ti cal prop er ties, Dana’s New clas si fi -
ca tion, Strunz clas si fi ca tion, min eral spec i men im ages, and 
al pha bet i cal list ings of min eral spe cies. There also are ex -
ten sive links to other ex ter nal sources of min eral data and
information. Structures can be visualized in Jmol applets.

Mincryst [7] the Rus sian da ta base (In sti tute of Ex per i -
men tal Min er al ogy, Mos cow) was cre ated in 1997 and it is
called “Crys tal lo graphic and Crystallochemical Da ta base
for Min eral and their Struc tural An a logues” and can be en -
tered via Eng lish or Rus sian gate. Cur rently it con tains
9016 en tries. It is a com bi na tion of struc tural da ta base, the -
o ret i cal pow der pat terns and soft ware. Each en try has a
min eral name, chem i cal for mula, space group, lat tice pa -
ram e ters, atomic co or di nates, tem per a ture fac tors, oc cu pa -
tion and bib lio graphic in for ma tion. Soft ware pack age
in cludes cal cu la tion of pow der pat tern or mix ture of
phases, standardless phase analysis, structure visualization
etc.

Specia da ta bases for zeolites can be found at [8].
Crys tal lo graphic server in Bilbao [9] pro vides in for ma -

tion on space groups (e.g. gen er a tors of po si tions in in di -
vid ual space groups, sub groups etc.) sim i lar to the
in for ma tion in In ter na tional Ta bles for Crys tal log ra phy
vol. 1. It is con tin u ously de vel oped and it is also a base for
theoretical crystallography.

Data of gen eral in ter est like pe ri odic el e ment ta bles can
be found at [10-12]. The last one [20] is fo cused on X-ray
char ac ter is tics.

Pear son´s Crys tal Data

In the end one com mer cial da ta base should  be men tioned
and this is Pearson’s Crys tal Data – crys tal struc ture da ta -
base for in or ganic com pounds [13]. The da ta base is pub -
lished by  ASM International (Ma te ri als Park, Ohio, USA), 
ed ited by Pi erre Villars and Karin Cenzual. It con tains
crys tal struc tures of a large va ri ety of in or ganic ma te ri als
and com pounds. The “PCD” (as it is typ i cally ab bre vi ated)
is a col lab o ra tion be tween ASM In ter na tional and Material
Phases Data System, Vitznau, Swit zer land (MPDS), aim -
ing to cre ate and main tain the world’s larg est crit i cally
eval u ated “Non-or ganic da ta base”. The cur rent re lease
con tains nearly 258,500 struc tural data sets (in clud ing
atom co or di nates and dis place ment pa ram e ters, when de -
ter mined) for about 150,000 dif fer ent chem i cal for mu las,
roughly 16,800 ex per i men tal pow der dif frac tion pat terns
and about 232,000 cal cu lated pat terns (interplanar spac -
ings, in ten si ties, Miller in di ces). 

Main ad van tage is very user –friendly soft ware with
many fea tures which al lows re ally easy work. It all struc -
tural in for ma tion, list of dis tances, struc ture 3D vi su al iza -
tion, pow der pat tern sim u la tion, se lec tion cri te ria, en try
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http://www.icdd.com/resources/tutorials/index.htm
http://www.iucr.org/resources/data
http://www.asminternational.org/
http://www.mpds.ch/
http://www.mpds.ch/
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data sheet etc. from a sin gle page. It in cludes the so-called
per pet ual re strain ing giv ing es ti ma tion of re sults dur ing
de fin ing search cri te ria. We have an ex pe ri ence that us ers
in our lab and new com ers usu ally select primarily this
database for their work.

1. R. Kužel, S. Daniš, Ma te ri als Struc ture, 14 (2007) 89-96.

2.    In ter na tional Cen tre for Dif frac tion Data – http://iccd.com

3.   http://www.crystallography.net/  

4. S. Grazulsi et. al. J. Appl. Cryst. 42 (2009) 726-729. Open
access

5. http://rruff.geo.arizona.edu/AMS/amcsd.php

6. http://webmineral.com/

7. http://database.iem.ac.ru/mincryst/

8. http://www.iza-structure.org/databases/

9. http://www.cryst.ehu.es

10. http://www.webelements.com/

11.http://www.physics.nist.gov/PhysRefData/Elements/cover.ht
ml

12. http://www.csrri.iit.edu/periodic-table.html

13. http://www.crystalimpact.com/pcd/ 
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ØEŠENÍ STRUKTUR Z LABORATORNÍCH PRÁŠKOVÝCH DIFRAKÈNÍCH DAT -
TRENDY, MOŽNOSTI, PØÍKLADY

Jan Rohlíèek

Fyzikální ústav AV ÈR, v. v. i. Na Slovance 1999/2, 182 21 Praha 8

Øešení struktur z laboratorních RTG práškových difrak -
èních dat již nìjakou dobu není nic neobvyklého. Dnes lze
s lehkým srdcem øíci, že pro jednoduché a dobøe difrak -
tující látky je øešení její krystalové struktury spíše rutinní
záležitostí. Instrumentální rozšíøení reflexí je u labora -
torních pøístrojù pøibližnì o øád vyšší, než u difra ktometrù
na synchrotronu. Ani intenzita a kvalita záøení labora -
torního pøístroje zdaleka nedosahuje takové úrovnì jako
syn chrotronové záøení. I pøes tyto nedostatky jsou labora -
torní pøístroje dobrou konkurencí synchro tro novým
zdrojùm, zejména kvùli jejich dostupnosti. Svìdèí o tom i
následující statistika: z celkového poètu 3049 vyøešených
struktur z práškových dat v CSD databázi obsahujících 3D
souøadnice atomù (ver. 5.36, up date 1) je pøibližnì jen asi
31% z nich oznaèena jako synchrotronová data. 

Existují tøi obecné skupiny metod pro øešení struktur
z difrakèních dat – (i) metody pøímé (metody reciprokého
prostoru), (ii) metody pøímého prostoru a (iii) metody
„dual-space“. Zatímco metody pøímého prostoru (ii) byly a 
jsou výhradnì používány pro øešení struktur z práškových
dat, zbylé metody (i) a (iii) byly pùvodnì vyvinuty pro
øešení struktur z monokrystalových dat a pak následnì byly 
upravovány pro prášková data tak, aby dosahovaly vyšší
úspìšnosti. 

Pro použití pøímých metod je potøeba namìøit kvalitní
práškový difrakèní záznam nejlépe alespoò do atomárního
rozlišení (<1.0, nìkdy dokonce jen <1.2 C) a s úzkými
profily reflexí, aby nedocházelo k výraznému pøekryvu
reflexí. V souèasné dobì asi nejznámìjším programem,
který používá pøímé metody pro øešení struktur z práš -
kových dat, je pro gram EXPO (Altomare et al., 2013). 

Zástupce dual-space metod je algoritmus charge-flip -
ping (Oszlányi a Suto, 2004). Pro prášková data je
zajímavá jeho kombinace s metodou his to gram match ing
(Baerlocher et al., 2007). V tomto pøípadì jsou pøekryté
intenzity, které bývají obvykle zatíženy znaènou chybou,
upravovány na základì histogramu zadané elektronové
hustoty, napø. podobné látky. Tato kombinace umožòuje
øešit i struktury èistì organických látek (Sisak et al., 2014).

Asi nejpoužívanìjšími metodami pro øešení krystalové
struktury z práškových difrakèních dat jsou metody pøí mé -
ho prostoru, též nazývané jako metody globální
optimalizace. Tyto metody byly vyvinuty právì pro øešení
struktur z práškových dat v 90. letech a jejich vývoj
bouølivì pokraèoval s rostoucím výkonem poèítaèù
zejména mezi léty 2000 až 2010 (Shankland et al. 2013;
Èerný a Favre-Nicolin, 2007). Metody pøímého prostoru se 
nesna ží vyøešit strukturu ze separovaných intenzit
jednotlivých reflexí, ale pokoušejí se modifikovat zadaný
poèáteèní model tak, aby jeho teoretický difrakèní záznam
vysvìtloval zmìøená data. Tyto metody lze teoreticky
použít všude tam, kde známe pøesné složení zkoumané
látky. V praxi jsme ovšem omezeni èasem potøebným
k nalezení øešení, jinými slovy složitostí øešeného
problému. 

Obecnì nelze øíci, která metoda je nejlepší, záleží vždy
na okolnostech, zejména na kvalitì dat a složitosti struk -
tury. Máme-li ovšem jednoduchou krystalovou strukturu,
která dobøe difraktuje i do vyšších úhlù, s velkou pravdì -
podobností nebude nalezení pozic atomù problém pro
žádnou ze souèasných metod. V pøípadì složitìjších
krysta lových struktur naopak nemusí pomoci ani jedna
metoda. V souèasné dobì mají nejsložitìjší struktury, které 
byly vyøešeny z prášku, obvykle více jak 30 nevodíkových
atomù v asymetrické èásti buòky nebo o málo více než 30
stupòù volnosti. Na ukázkách postupu øešení takových
struktur lze nastínit možný budoucí vývoj v práškové
difrakci, jelikož pro jejich vyøešení je tøeba používat dnes
nestandardní postupy. Jedna z možností je kombinace
nìkolika stávajících metod, kdy se èást vyøeší jednou
metodou a tato informace se použije k dohledání zbylé
struktury (Rivera et al., 2014). Další ze zajímavých
možností, jak získat více informací z namìøených dat, je
využití anizotropní teplotní roztažnosti k separaci reflexí
(Brunelli et al., 2003). Nebo je možné modifikovat
stávající algoritmy nebo zkoušet úplnì nové (Shankland et
al. 2010, Habermehl et al., 2014). Nìkdy „staèí“ nad
øešením dlouho pøemýšlet a využít pak všechny známé
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nebo nejvíce pravdìpodobné hodnoty neznámých
promìnných, pak lze vyøešit i takovou krystalovou
strukturu, která má 36 nevodíkových atomù v asymetrické
èásti buòky a 45! stupòù volnosti (Rukiah et al., 2004).
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In the past de cades, or ganic semi con duc tors (OSC) have
at tracted in ter est of re search ers for their pos si ble ap pli ca -
tions in or ganic field ef fect tran sis tors, or ganic pho to vol -
taic (OPV), and or ganic light emit ting di odes (OLEDs) [1,
2]. In many of these ap pli ca tions, sev eral mo lec u lar com -
po nents, typ i cally do nor-ac cep tor (D/A) com bi na tions, are
needed and their mix ing be hav iour plays a key role for the
per for mance of the de vices. As an ex am ple, in OPV de -
vices, the size of the D/A do mains for par tially mix ing
OSCs has to be com pa ra ble to the ef fec tive charge car rier
dif fu sion length for the ef fec tive charge car ri ers sep a ra tion
and their with drawal to wards elec trodes. Re cent re search
on OSCs mix ing, stim u lated by the de vice re lated im por -
tance of the topic, has also shown some new and un ex -
pected re sults at the fun da men tal level.

The pre sen ta tion will re view re cent find ings in the field
of OSCs mix ing be hav iour. We will fo cus on blends of
small OSCs mol e cules in thin films pre pared by co-evap o -
ra tion on weakly in ter act ing sil i con sub strates. At the very
be gin ning, we shorty in tro duce some most stud ied OSCs
and high light the im por tance of the OSCs blends for de vice 
ap pli ca tions. There af ter, we will men tion the pro cess of
OSM thin film growth via or ganic mo lec u lar beam de po si -
tion and the X-ray scat ter ing tech niques em ployed in the
struc tural stud ies on them, in clud ing X-ray spec u lar re flec -
tivity and grazing incidence X-ray diffraction [3].

The main part of the pre sen ta tion will deal with crys tal
struc ture of bi nary mix tures of OSCs and how it is in flu -
enced by mo lec u lar in ter ac tions. Some struc tures of OSC
blends find di rect coun ter parts in the well ex plored el e -

men tal sys tems, such as bi nary al loys, while other mix ing
sce nar ios are com pletely new and sur pris ing. Sim i lar to the
el e men tal sys tems, phase sep a ra tion , sta tis ti cal mix ing of
mo lec u lar com po nents, and for ma tion of a new mo lec u lar
com pound phase, re spec tively, are ob served for OSC mix -
tures [4]. How ever, in con trast to the el e men tal blends, not
only in ter ac tion be tween mo lec u lar com po nents of mix -
tures de ter mines the re al ized mix ing sce nario but also the
steric, i.e. shape, com pat i bil ity of the mol e cules plays an
im por tant role [4, 5]. Ad di tion ally, ani so tropy of the shape
and of the in ter ac tion po ten tial of the OSC mol e cules can
lead to an or der ing ani so tropy, where the mixed system
shows periodicity only along a certain preferential
direction [6]. 
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