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Ab stract
In 2007 we com mem o rate the 50th an ni ver sary of start ing
the op er a tion of the re search re ac tor in Øež. Its com mis -
sion ing in 1957 has opened a new area for sci en tists in the
field of ba sic and ap plied neu tron re search. Af ter con struc -
tion of the first diffractometer SPN-100 it re sulted in an
enor mous ex pan sion of neu tron scat ter ing in ves ti ga tions.
The pres ent pa per de scribes short de scrip tion of the au thor
of the his tory and the pres ent sta tus of ac tiv i ties in con -
densed mat ter in ves ti ga tions by neu tron scat ter ing.

Ther mal neu tron in ves ti ga tions at the Øež
re search re ac tor

The o ret i cal and ex per i men tal re search in the field of neu -
tron scat ter ing started af ter the Sec ond World War when
first in ten sive neu tron sources – nu clear re search re ac tors
were con structed. Soon, how ever, neu trons have ap peared
as ex cel lent probes of all kinds of mat ter. At pres ent, many
vari a tions of the scat ter ing pro cess are used which give the
tech nique of neu tron scat ter ing enor mously wide ap pli ca -
bil ity in stud ies of struc ture and prop er ties of the con -
densed mat ter. There fore, at each re search re ac tor or
pulsed neu tron source there are in stalled many ded i cated
ex per i men tal de vices. This year it is just 50th an ni ver sary
of start ing the op er a tion of the re search re ac tor in the for -
mer Czecho slo va kia when the first chain re ac tion was re al -
ized in it on Sep tem ber 25, 1957. The com mis sion ing of
this re ac tor of the Rus sian type VVR-S and of the power of
2 MW be longs to the key mile stones in the de vel op ment of
re search ac tiv i ties in neu tron phys ics (gen er ally), re ac tor
phys ics and pro duc tion of ra dio iso topes in our coun try.
Nat u rally, it has opened a new area for sci en tists in the field 
of ba sic and ap plied neu tron re search. Later on, af ter two
re con struc tions the pres ent tank type and light wa ter re ac -
tor LWR-15 op er ates at the mean power of 10 MW when
us ing de creased 235U - en rich ment from 80 % to 36 %. 

First neu tron in ves ti ga tions were fo cused to pure nu -
clear and re ac tor phys ics. Even at pres ent, three im por tant
re search ac tiv i ties of the ba sic and in ter dis ci plin ary (or ap -
plied) re search are car ried out at the fa cil i ties in stalled at
the re ac tor. Namely, they are: Ther mal neu tron depth pro -
fil ing fa cil ity which is used as a nu clear an a lyt i cal tech -
nique for sur face stud ies. It uti lizes the ex is tence of
iso topes of el e ments that pro duce prompt monoenergetic
charged par ti cles upon cap ture of ther mal neu trons. From
the en ergy loss spec tra of emit ted prod ucts the depth dis tri -
bu tions of light el e ments can be re con structed. Neu tron ac -
ti va tion anal y sis fa cil ity is ded i cated to bNeutron
Ac ti va tion Analysisoth short- and long-time ir ra di a tions

per formed in ver ti cal chan nels of the re ac tor which are lo -
cated at the out skirts of the re ac tor core. This tech nique
pro vides a highly ac cu rate and low-level char ac ter iza tion
of var i ous ma te ri als by de ter min ing up to 40 el e ments. Nu -
clear ra di a tive cap ture fa cil ity is used for prompt gamma
ac ti va tion anal y sis and gamma-gamma co in ci dence mea -
sure ments. The for mer in ves ti ga tions are fo cused mainly to 
anal y sis of 10B in bi o log i cal sam ples as an im por tant part of 
the bo ron neu tron cap ture ther apy med i cal treat ment and
the lat ter ones to struc ture stud ies of nu clei.  How ever, af ter 
con struc tion of the first diffractometer SPN-100 in 1965,
ac cord ing to the trends in the world, an enor mous ex pan -
sion of in ves ti ga tions in the field of con densed mat ter
phys ics and neu tron op tics by neu tron scat ter ing have been
re corded. At pres ent, there are in stalled 6 scat ter ing de -
vices of NPI ASCR at 5 hor i zon tal beam chan nels of the re -
ac tor LWR-15. Be sides the neu tron op tics the re search
pro gram car ried out at the diffractometers is mostly fo -
cused to ma te rial re search as e.g. re sid ual phase spe cific
strain/stress stud ies, in-situ stud ies of martensitic trans for -
ma tion in shape mem ory al loys, stud ies of struc ture
inhomogeneities by small-an gle neu tron scat ter ing, tex ture 
mea sure ments, etc. In 2005 the neu tron in ter fer om e try in -
ves ti ga tions were stopped and in stead of the in ter fer om e ter 
fa cil ity a new mul ti pur pose high and ultrahigh res o lu tion
diffractometer is con structed. Sim i larly, in stead of the old
fa cil ity for tex ture stud ies a new me dium res o lu tion pow -
der diffractometer equipped with a multidetection sys tem
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Fig ure 1. Diffractometer SPN-100 af ter its in tro duc tion into op -
er a tion in 1965 for stud ies of mag netic prop er ties of crys tal line
ma te ri als by po lar ized neu tron diffraction. 



is in stalled. Both new diffractometers are ex pected to be
fully op er a tional un til the end of 2007.  Sev eral ex per i men -
tal fa cil i ties are of fered to ex ter nal us ers in the frame of the
FP6-NMI3 ACCESS Trans na tional Pro gram. Fig. 2 shows
the lat est re sult of high res o lu tion neu tron ra di og ra phy ob -
tained on the newly con structed mul ti pur pose diffrac -
tometer em ploy ing a spe cial mono chro ma tor based on a
strong dispersive dou ble-re flec tion pro cess [1-4]. The dou -
ble re flec tion was ex cited in an elas ti cally bent per fect

Si-crys tal. Such mono chro ma tor pro vides very high l- 

and q- res o lu tion mak ing Dl and Dq of the mono -
chromatized beam very small with out use of any
collimators. In re la tion to the value of the bend ing ra dius,
the ob tained dou bly re flected beam has a nar row

band-width Dl/l of 10-4 - 10-3 and Dq -collimation of the
or der of min ute of arc. This re sult shown in Fig. 2 is a dem -
on stra tion of the new type of the so called phase con trast ra -
di og ra phy based on the re frac tion con trast [5] which
ap pears to be com ple men tary to the ab sorp tion ra di og ra -
phy.    
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Fig ure 2.  Sche matic di a gram of a two-step mul ti ple Bragg re flec tion of neu tron of the wave vec tor k0 sim u lat ing a weak or for bid den
re flec tion (a) and an ex am ple of the ra di og ra phy im age (c) of the of fice sta ples 24/6 (b) taken by the im age plate at the dis tance of  70 cm
from the sam ple.  The num bers 1,  2 and  3 cor re spond to the pri mary, sec ond ary and ter tiary re flec tion planes and  g1,  g2 and  g3 are the
cor re spond ing scat ter ing vec tors, re spec tively.
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PROGRAM

Pondìlí, 18. 6.

11:30 - 13:00 Registrace 

13:00 Zahájení 

Strukturní databáze                      I. Císaøová, J. Brynda
13.15
L1             p. 89
Radomír Kužel
Strukturní databáze anorganických struktur ICSD,
CRYSTMET, PDF4, Pearson's Crystal Data a další volnì
dostupné strukturnì zamìøené databáze na Internetu
14.00
L2              p. 97
Jindøich Hašek
Databáze organických struktur CSD a softwarové vyba -
vení 
14.45 Pøestávka
15:10
L3                 p. 101
Bohdan Schmeider
Biostrukturni databáze PDB a NDB 
15:40
L4
František Pavelèík                p. 102
Automatické budování modelù proteinù a nukleových
kyselin  

16.10 Pøestávka
                                                                                            

Hlavní sál A

Studentská pøehlídka I                             V. Goliáš, J. Maixner
16.30
S1            p. 127
Jan Rohlíèek
Fox Grid - soft ware pro urychlení øešení struktur z práškù
metodou paralelního zpracování 
16:50
S2                 p. 127
Zdenìk Matìj
Rozšíøení programu FOX pro analýzu mikrostruktury  
17:10
S3            p. 127
Silvie Švarcová
Malíøské pigmenty na bázi mìdi, jejich chemismus a
degradace 
17:30
S4                            p. 129
Ivana Jebavá
Porovnání výsledkù mikrodifrakèních a makrodifrakèních
experimentù na forenzních vzorcích 
17.50
S5            p. 129
Rich ard Pažout
Struc ture de ter mi na tion of nat u ral AgPbSbBi2S6 ex tracted
from pol ished sec tion 

18.10
L15                                     p. 117
Mar tin Èerník
Tex ture Anal y sis of rolled steel sheets by X-Ray and Elec -
tron Dif frac tion (EBSD)
                                                                                            

Malý sál B

Kurs  proteinové krystalografie
Mìøení na difraktometru, zpracování mìøení

           B. Schnei der
16:30
Jindøich Hašek
Úvodní poznámky. Organizace kurzu, instalace programù  
16.40
Jiøí Brynda
Principy mìøení proteinových struktur - difrakèní ex per i -
ment 
17.40
Jan Dohnálek
Metody molekulárního nahrazení

Hlavní sál A

Panalytical User's meet ing                                          M. Krupka
19.30

Martijn Fransen
New mod ules for Panalytical sys tems

Radomír Kužel 
Dif fer ent dif frac tion ge om e tries - short in tro duc tion

Zdenìk Matìj                                                            p. 148                                                                                        
High-res o lu tion setup
Ex pe ri ence from Almelo lab o ra to ries  (po si tion sen si tive
de tec tors, mono chro ma tors, thin film mea sure ments

P. Bezdièka                                                               p. 150
Mi cro-dif frac tion with a mono-cap il lary: how to setup
our ex per i ment)

Radomír Kužel                                                          p. 151
Tex ture and stress mea sure ment with the Eulerian cra dle
on MRD sys tem, dou ble-mir ror setup

Malý sál B

Kurs  proteinové krystalografie
Pøíprava poèítaèù pro kurs proteinové krystalografie
Instalace soft ware na Linuxových poèítaèích
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Úterý, 19. 6.

7:00 Snídanì 

Fázové transformace                                                           J. Hybler
8.30
L6                                                                                                                p. 118
Vladimír Šíma             
Fázové transformace, fázové diagramy, diferenciální
skenovací kalorimetrie
9.20             
L7                                     p. 118
Václav Janovec
Databáze materiálù s fázovými transformacemi

9.45 Pøestávka

Hlavní sál A

Difrakce za nestandardních podmínek, prášková
difrakce, komerèní prezentace                                                                                         

    J. Hybler, R. Kužel
10.15
L8            p. 119
Hana Petøíèková
Mìøení s vlhkostní komorou
10:40
L9                 p. 119
Ro man Skála
Rozšíøení programu FOX pro analýzu mikrostruktury  
11:05
L10            p. 120
Mar tin Kusý
Štruktúrna analýza s využitím programu MAUD 

11.30
Burkhard Hoffmann
EFG GmbH, Rigaku com mer cial pre sen ta tion
12.00
Boris Míè
Sci en tific In stru ments, Brno, Komerèní prezentace Bruker

Malý sál B

Kurs  proteinové krystalografie
Krystalizace, øešení struktur

                F. Pavelèík
10:15
Ivana Kutá Smatanová                                                                  p. 154
Pøehled metod krystalizace proteinù
11.20
Jaromír Marek
Metody rafinace strukturních parametrù (parametrizace,
typy omezujících podmínek, pøíklady REFMAC,
SHELXL, CNS, ARP/wARP, atd.)  

12. 30 Obìd

Hlavní sál A

Studentská pøehlídka II                        B. Schnei der, J. Hašek
13.30
S6            p. 130
Petr Kolenko
Glycosylation of IgG-Fc
13:50
S7                 p. 131
Klára Šašková
The In flu ence of I47A Mu ta tion on Re duced Sus cep ti bil ity 
to the Pro te ase In hib i tor Lopinavir   
14:10
S8            p. 131
Julie Wolfová
Strukturní studie flavoproteinu WrbA, zástupce nové
proteinové rodiny  
14:30
S9                            p. 132
Tatyana Prudnikova
Struc tural and func tional stud ies of higher plants
photosystem II  
14.50
S10            p. 133
Alena Stsiapanava
Crys tal li za tion study of three mu tant haloalkane
dehalogenases de rived from dehalogenase DhaA of
Rodococcus rhodochrous NCIMB 13064 

15.10 Pøestávka

Studentská pøehlídka III            L. Èaploviè, M. Èeròanský
15.30
S11            p. 134
Jan Drahokoupil
Real struc ture depth pro file of shot-peened sur face of a cor -
ro sion-re sis tant steel  
15:50
S12                 p. 135
Zdenìk Pala
X-ray dif frac tion study of dis tri bu tion of mac ro scopic re -
sid ual stresses in sur face lay ers of steels af ter grind ing
16:10
S13            p. 135
Andrey Chichev
New neu tron pow der diffractometer in NPI Øež
16:30
S14                                     p. 136
Vadim Davydov
In situ neu tron dif frac tion stud ies of the microstructure re -
sponse of the plain fer rit ic steel on ten sile strain ing

16.50 Pøestávka
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                                                   M. Èeròanský, Z. Šourek
17.10
S15            p. 137
Viktoria Cherkaska
Se vere plas tic de for ma tion of met als - microstructural
stud ies 
17:30
S16                 p. 138
Romana Cízlová
X-ray Dif frac tion Anal y sis of Heat-Af fected Par ti cles of
Tool Steel Ch3F12 Pow der  
17:50
S17            p. 139
Václav Valeš
Difuzní rtg rozptyl na defektech v monokrystalickém
køemíku mìøený za vyšších teplot 

Malý sál B

Kurs  proteinové krystalografie
                           J. Brynda

16:00
Jan Dohnálek                                                                 
Experimentální fázování (metody anomálního rozptylu a
izomorfního nahrazení)

16.50 Pøestávka

17.10
Petr Kolenko
Stavìní modelu do map elektronové hustoty (ARP/wARP,
XFIT, atd.) 

18.30 Veèeøe

20.30 Veèerní Sa fari (podle zájmu)

Støeda, 20. 6.

7:00 Snídanì 

Povrchy a tenké vrstvy                                                        D. Rafaja
8.30
L11                                                                            p. 103
Radomír Kužel
Krystalografie povrchù, struèný pøehled metod pro
studium struktury povrchù a tenkých vrstev 
9.00
L12                                                                            p. 121
Ivan Oš•ádal
Povrchové mikroskopie s atomovým rozlišením

9.50 Pøestávka

Hlavní sál A

Tenké vrstvy
                                                         P. Mikulík, Z. Šourek
10.15
L13            p. 67
Da vid Rafaja
Microstructure anal y sis of nanocrystalline ma te ri als and
nanocomposites us ing the com bi na tion of X-ray dif frac tion 
and trans mis sion elec tron microscopy
11:00
L14                 p. 122
Mojmír Meduòa
Interdiffusion in SiGe al loys stud ied by x-rays
11:25
Dušan Novotný, Pragolab
Studium morfologie materiálù

Malý sál B

Kurs  proteinové krystalografie
Cvièení na poèítaèích

                   J. Hašek
11:00
Jiøí Brynda                                                                 
 Zpracování mìøených dat (MOSFLM+SCALA)
11.50
Jan Dohnálek
Metody zpracování mìøených dat a øešení struktury
(fázového problému) 

Hlavní sál A

Studentská pøehlídka IV                      Z. Šourek, P. Mikulík
11.50
S18            p. 139
Lea Nichtová
Strukturní studium vrstev TiO2  
12:10
S19                 p. 141
Lukáš Horák
Study of the struc ture of GaMnAs thin lay ers 
12:30
S20            p. 142
Jan Krèmáø
Rentgenová difrakce na polykrystalických multivrstvách v
GID geometrii    
12:50
S21                            p. 142
Mar tin Mixa
Ki netic Monte Carlo sim u la tion of quan tum-dot nu cle ation 
in PbSe/PbEuTe multi

13.15 Obìd
14.00 Volno, možnosti výletù
19.00 Shromáždìní èlenù a pøátel Krystalografické 
          spoleènosti
19.30 Veèeøe
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Ètvrtek, 21. 6.

7:00 Snídanì 

                                                                              J. Hašek
8.30
L15                                                                            p. 108
Pavel Mikula
Neu tron dif frac tion re search in NPI ASCR, v.v.i. in Øež –
his tory and pres ent sta tus 
9.10
L16                                                                            p. 110
Radomír Kužel
Nìkteré komerèní programy pro zobrazování struktur a
simulaci difraktogramù - Di a mond, Crystallographica,
Crys tal Maker 

9.50 Pøestávka

Studentská pøehlídka V                     P. Bezdièka, F. Pavelèík
10.10
S22            p. 143
Pavla Roupcová
Nu cle ation and growth of Fe nanoparticles em bed ded in
ZrO2 ma trix at high tem per a ture  
10.30
S23                 p. 143
Daniela Králová
Pøíprava a struktura nanotrubièek TiO2 
10.50
S24            p. 143
František Laufek
Syn the sis and struc ture of CoGeTe and CoSn1.5Te1.5

11:10
S25                            p. 145
Jan Filip
Solid-state syn the sis, struc ture and ap pli ca tions of po tas -
sium ferrate(VI)
11.30
S26                                                                            p. 146
Petr Kováø
Hydrotalcit interkalovaný benzoovou kyselinou, moleku -
lární modelování a ex per i ment 
11.50
S27                                                                            p. 147
Marek Veteška
Hydrotalcit interkalovaný pyrentetrasulfonovou kyseli -
nou, molekulární modelování a ex per i ment 

12.15 Obìd

Hlavní sál A

                                                          P. Bezdièka, R. Kužel
13.30
L17            p. 124
Lubomír Èaploviè
Analýza vplyvu parametrov naprašovania na kvalitatívne
zloženie tvrdých povlakov 
13:55
L18                 p. 125
JIøí Marek
Rtg fázová analýza texturovaných 2-fázových vzorkù 
14:20
L19            p. 125
Jiøí Had
Semikvantitativní metoda pro sledování tvorby transfor -
maèních produktù geopolymerù 
14:45
L20                            p. 126
Mar ian Èeròanský
Ètvrté momenty v profilové analýze 

Malý sál B

Kurs  proteinové krystalografie
Výsledky strukturní analýzy, databáze

                   M. Hušák
13:30
Bohdan Schnei der                                           p. 154
Deposice proteinových struktur do PDB a pøíslušný soft -
ware
14.30
Jindøich Hašek
Využití výsledkù rentgenové strukturní analýzy                       
(Parametrizace proteinu, parametrizace ligandù, solvataèní 
obálka, strukturní databáze, hodnocení chyb, statistické
zpracování) 
15.00
Zavìreèná diskuse ke kursu proteinové krystalografie

15.20
Vyhlášení výsledkù studentské soutìže a závìr kolokvia
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STRUKTURA 2007
 Penzion za vodou, Dvùr Králové, 18. 6. - 21. 6, 2007

Lec tures - Monday, June 18

L1 - L4

STRUC TURAL DATABASES

see pages 89 - 101

L5

TEXTURE ANALYSIS OF ROLLED STEEL SHEETS BY X-RAY AND ELECTRON
DIFFRACTION (EBSD)

M. Èerník, L. Hrabèáková, A. Leško

U. S. Steel Košice, s.r.o., Slo vak Re pub lic 

The rolled IF and TRIP steel sheets were eval u ated by
X-ray and elec tron dif frac tion meth ods. Tex tures were
mea sured by X-ray dif frac tion  us ing tex ture goniometer
with Mo X-ray tube, em ploy ing (110), (200) (112) and
(103) crys tal log ra phy planes. EBSD cam era was used for
tex ture mea sure ments by elec tron dif frac tion. ODF – ori -
en ta tion dis tri bu tion func tions were cal cu lated from tex -
ture-mea sured data by use of shf – spher i cal har monic
func tion, WIMV and ADC meth ods. Both, X-ray and
EBSD data ob tained very good agree ments on tex ture char -
ac ter iza tions of non-grain ori ented (NGO) steels in re la tion 
to their mag netic prop er ties. The EBSD meth ods al low ob -
tain ing more struc tural in for ma tion: IPF maps, grain shape, 
size, crys tal ori en ta tion of se lected grains and oth ers.

The par tially an nealed IF steel sheet sam ple EBSD
anal y sis shows di rectly the tex ture   of in di vid ual grains,
X - ray dif frac tion method gives the ma te rial com plex tex -
ture.   EBSD method al lows cat e go riz ing grains ac cord ing
to proper cri te ria. The cri te ria ”Grain av er age dis ori en ta -
tion” was used for grains cat e go riz ing into two groups;
re-crys tal lized and de formed grains.  

The rolled IF steel sam ple tex ture was formed by al pha
and gamma fi bers. The fi nal tex ture was the su per po si tion

of the de for ma tion and recrystallization tex ture. The de for -
ma tion tex ture was formed by un com pleted al pha fi ber

with (001)<011>, (113)<011>, (223)<011> tex ture el e -
ments. The recrystallization tex ture was formed by gamma

fi ber with (111)<011> to (111)<112> tex ture com po nents.
The EBSD method al lows an a lyz ing sam ples with com -

plex phase com po si tion. Com par ing the X – ray dif frac tion
method, which is lim ited by ma te rial tex ture, the re tained
aus ten ite con tent in rolled steel sheets can be di rectly and
ex actly de ter mi nate by EBSD method. At the same time the 
tex ture is ob tained for par tic u lar phases too, in this case the
tex ture of fer rite and re sid ual aus ten ite. The EBSD method
pro vides data about grain size and shape, bound aries char -
ac ter is tics for all pres ent phases.

The rolled TRIP steel sam ple fer rit ic phase was formed

by strong gamma fi ber (111)<011> to (111)<112> and by

small amount of (100)<011> and (110)<001> tex ture com -
po nents.  The re tained aus ten ite con tent was es ti mated for
5,2 %. The re sid ual aus ten ite tex ture was formed by Goss -

(110)<001>, Brass - (110)<112> tex ture com po nents and

a small amount of Cop per - (112)<111> com po nent.
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PHASE TRANSFORMATIONS, PHASE DIAGRAMS, DIFFERENTIAL SCANNING
CALORIMETRY

Vladimír Šíma 

Dept. of Phys ics of Ma te ri als, Charles Uni ver sity, Ke Karlovu 5, 121 16 Prague 2, Czech Re pub lic
sima@met.mff.cuni.cz

Thermodynamical ba sis of phase trans for ma tions. Anom a -
lies of thermophysical quan ti ties. Clas si fi ca tion of phase
trans for ma tions. Equi lib rium in het er o ge neous sys tems.
Gibbs phase rule. Com mon tan gent con struc tion. Le ver
rule. Tan gen tial plane con struc tion. Bi nary and ter nary
phase di a grams. Ba sic types of bi nary phase di a grams.

Ther mal anal y sis – dif fer en tial ther mal anal y sis (DTA),
dif fer en tial scan ning cal o rim e try (DSC). 

Work is sup ported by a grant from Czech Grant Agency
(GAÈR 106/06/0019). 

L7

DATABASES OF CRYSTALS WITH STRUCTURAL PHASE TRANSITIONS

Václav Janovec1,  Pawel E. Tomaszewski2,  Mi lan Èmelík1,  Lubor Machonský1, 
Zdenìk Kluiber3

1Tech ni cal Uni ver sity of Liberec, Hálkova 6, 461 17 Liberec
2In sti tute of Low Tem per a ture and Struc tural Re search, PAN, 50-950 Wroclav, Po land

3Uni ver sity of Hradec Králové, Fac ulty of Ed u ca tion, Rokitanského 62, 500 03 Hradec Králové
janovec@fzu.cz

Crys tals with struc tural phase tran si tions (SPT´s) ex hibit
un usual phys i cal prop er ties that are uti lized in many tech -
ni cal ap pli ca tions (e.g. anisotropic ce ram ics, mem o ries,
sen sors, trans duc ers) and in other fields (e.g. earth sci -
ences). Though ba sic struc tural data on SPT´s can be found 
in ex ist ing struc tural da ta bases (ICSD, CSD) spe cial fea -
tures and ad vanced the o ret i cal back ground of SPT´s call
for a spe cial ized da ta base.

The most com pre hen sive list ing of non-me tal lic crys -
tals with SPT´s is avail able in Tomaszewski´s da ta base of
struc tural phase tran si tions [1,2]. This is a printed ta ble in
which each row (re cord) is re lated to one chem i cal for mula
of a crys tal and col umns (fields) give tran si tion tem per a -
tures as well as the main avail able struc tural data of cor re -
spond ing phases in be tween two neigh bour ing tran si tions.
In up dated ver sion [2] about 4 300 crys tals are re corded
with more than 6 300 phase tran si tions and about 10 000
crys tal phases ob served at nor mal pres sure. This pre sen ta -
tion pro vides use ful in for ma tion about the ap pear ance of
SPT´s in crys tals but does not al low an ef fi cient search. 

This draw back can be par tially re moved if the re cords
are ar ranged ac cord ing to the sym me try changes at the
SPT. Such ta bles have been cre ated from the up dated
Tomaszewski´s da ta base [2]. In the first step only crys tals
which ex hibit just a sin gle SPT as so ci ated with a
dissymetrization (re duc tion of the space group sym me try)
have been in cluded. To in crease the re li abil ity of data only
those SPT´s have been taken into ac count for which struc -
tures of both phases are com men su rate and are re corded in

the In or ganic Crys tal Struc ture Da ta base (ICSD). These re -
stric tions dras ti cally re duce the num ber of con sid ered crys -
tals (only 20% of crys tal phases that ap pear in [2] have a
struc ture solved and re corded in ICSD!). A ta ble formed
from these se lected data con sti tutes a sim ple Ferroic Phase 
Tran si tion Da ta base which can pro vide an swers to use ful
sim ple que ries and from which some sta tis ti cal con clu sions 
can al ready be de duced [3]. 

Pres ent ef fort con cen trates on cre ation of com put er ized
re la tional da ta bases of SPT´s. This ap proach makes use of
re cent ad vances in da ta base tech niques and can uti lize the
ex ten sive the o ret i cal knowl edge on SPT´s (see, e.g. [4]).  

1. P. Tomaszewski, Struc tural phase tran si tions in crys tals. I.
Da ta base. II. Sta tis ti cal anal y sis. Phase Tran si tions, 38,

(1992), 127. 

2. P. Tomaszewski, Golden Book of Phase Tran si tions, Phase

tran si tions da ta base PTDB, manu script, 2002.

3. V. Janovec, P. Tomaszewski, L. Richterová, Z. Kluiber, In -
verse da ta base of phase tran si tions in crys tals with a sin gle

phase tran si tion. Ferro elec trics, 301, (2004), 169.

4.  In ter na tional Ta bles for Crys tal log ra phy, vol. D, ed ited by
A. Authier (Dordrecht: Kluwer Ac a demic Pub lish ers),

2003, Part 3: Struc tural phase tran si tions.

Ac knowl edge ment
This work has been par tially sup ported by the grant
202/07/1289 of the Grant Agency of the Czech Re pub lic..
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L8

MEASUREMENT WITH VT-RH CHAMBER

H. Petøíèková

Zentiva a.s., U kabelovny 130, 102 37 Praha 10 – Dolní Mìcholupy, Èeská Republika
Email: hana.petrickova@zentiva.cz

Pow der dif frac tion pat terns are the most fun da men tal, yet
cru cially im por tant; ap pli ca tion of XRPD is in iden ti fi ca -
tion or “fin ger print ing” of crys tal line phases in phar ma ceu -
ti cal in dus try [1]. Func tion of tem per a ture and/or rel a tive
hu mid ity can pro vide a di rect means of char ac ter iz ing the
sta bil ity of a phar ma ceu ti cal ma te rial at de fined tem per a -
ture and rel a tive hu mid ity and the oc cur rence of
hydration/de hy dra tion pro cesses [2]. Such a non-am bi ent
dif frac tion ex per i ments can be per formed at any stage of
the drug de vel op ment pro cess (API pro duc tion, sta bil ity
test ing, for mu la tion, stor age…) to avoid fur ther com pli ca -
tions.  

The ob ject of pre sented study is to dem on strate the pos -
si ble uti li za tion of vari able tem per a ture and rel a tive hu -
mid ity XRPD to in ves ti gate hydration/de hy dra tion pro cess 
of the phar ma ceu ti cal ma te rial. 

The be hav iour of phar ma ceu ti cal hy drates has be come
the ob ject of in creas ing in ter est over last two de cades, pri -
mar ily due to the po ten tial im pact of hy drates on de vel op -
ment pro cess and dos age form per for mance. Hydration of

the ma te rial also plays a role in bioavailability, in flu ences
dis so lu tion, hard ness of tab lets or even processability.
Interconversion be tween poly morphs and hy drates may oc -
cur as a func tion of tem per a ture or of rel a tive hu mid ity or
of both. Dur ing and af ter man u fac tur ing even air mois ture
from the en vi ron ment may change the hydration state of
API in dos age form.

X-ray dif frac tion sys tem with vari able tem per a ture and
rel a tive hu mid ity was used. In stru men ta tion as well as ob -
tained re sults will be dis cussed. The po ten tial for
interconversion dur ing de vel op ment was stud ied. Just dif -
fer ent pow der dif frac tion pat terns can be used as an ev i -
denced of change in the struc ture.  Any way, DSC and IR
were used as com ple men tary tech niques to XRPD.

1. J.Bernstein: Poly mor phism in mo lec u lar crys tals, IUCr
Mono graphs on Crys tal log ra phy – 14, Ox ford Uni ver sity
Press, 2002.

2. H.G.Brittain: Polymorphism in Pharmaceutical Solids,
Marcel Dekker, Inc. 1999.

L9

THERMAL EXPANSION OF TIS: ASSESSMENT OF MISCIBILITY WITH TROILITE
(FES) 

R. Skála1, M. Drábek2, T. Boffa-Ballaran3

1In sti tute of Ge ol ogy, ASCR, Rozvojová 269, 165 00 Praha 6
2Czech Geo log i cal Sur vey, Geologická 6, 152 00 Praha 5

3Bayerisches Geoinstitut, Universität Bay reuth, D-95440 Bay reuth, Ger many
skala@gli.cas.cz

From me te or ites - aubrites, in which oth er wise litho -
phile el e ments be have as siderophiles due to strongly re -
duc ing con di tions, ti ta nium-rich iron monosulfides were
re ported in lit er a ture. For ex am ple, in the Bustee aubrite,
the ti ta nium-bear ing troilite, as so ci ated with osbornite
(TiN), heideite (FeTi2S4) and oldhamite (CaS), was found
to con tain 17.2 to 25.2 wt % Ti. In the Bishopville aubrite,
the con tent of ti ta nium in troilite is re ported to be up to 5.7
wt % [1]. The crys tal struc tures of troilite and TiS are not
iden ti cal un der am bi ent con di tions. While troilite is hex ag -
o nal with space group is P2c and unit-cell di men sions a ~
5.97 C, c ~ 11.76 C, V ~ 362 C3 [2], TiS adopts NiAs-type
struc ture with space group P63/mmc and the unit cell pa -
ram e ters a ~ 3.31 C, c ~ 6.34 C, V ~ 60.2 C3 [3]. At el e vated 
tem per a tures, how ever, the troilite struc ture trans forms to
NiAs-type struc ture as well [4]. Con se quently, a rel a tively
sig nif i cant mu tual sol u bil ity can be ex pected be tween FeS
and TiS at tem per a tures above this phase tran si tion. To
eval u ate the crys tal lo graphic lim its for the TiS mis ci bil ity

in FeS we car ried out a se ries of high-tem per a ture unit-cell
re fine ments for the for mer phase. 

To col lect the dif frac tion data we used an X’Pert PRO
MPD Al pha-1 multi-pur pose X-ray dif frac tion sys tem
equipped with an in ci dent beam mono chro ma tor, Co tube,
and X’Celerator de tec tor. The ma te rial was a syn thetic TiS
pre pared un der con trolled con di tion in an evac u ated sil ica
tube. The sam ple was heated in an HTK 1200 high-tem per -
a ture cham ber in an alu mina sam ple holder. The holder
spun. The NIST sil i con in ter nal stan dard was used for cal i -
bra tion. To pre vent ox i da tion of the sam ple he lium pro tect -
ing at mo sphere was uti lized.

In Fig ure 1 we pres ent re sults of high-tem per a ture dif -
frac tion study of TiS for tem per a ture range from 20 to
400 °C.  Within the in ter val the pa ram e ter a and the cell
vol ume in crease monotonically whereas cell edge c has the
op po site trend. This be hav ior is iden ti cal to that ob served
for (close-)stoichiometric FeS above the tem per a ture of
tran si tion be tween 2H and 1C polytypes [4]. This ob ser va -

mailto:hana.petrickova@zentiva.cz
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tion sub stan ti ates a broad field of mu tual sol u bil ity along
FeS - TiS join at el e vated tem per a tures. On the con trary,
these re sults do not cor rob o rate that phases de scribed from
aubrites pos ses the troilite type 2H struc ture; most prob a -
bly the trans for ma tion which troilite un der goes at ca
100 °C causes the change in sym me try in Ti-con tain ing
min er als.

1. D.W. Mittlefehldt, T.J. Mc Coy, C.A.Good rich, A. Kracher, 
in Plan e tary Ma te ri als, ed ited by J.J. Papike (Wash ing ton:
Min er al og i cal So ci ety of Amer ica), 1998, 195.

2. H.T. Ev ans  Sci ence, 167, (1970), 621.

3. H. Hahn & B. Harde Zeit. Anorg. Allgem. Chemie
288,(1956), 241.

4. E.N. Selivanov, A.D. Vershinin, R.I. Gulyaeva Inorg. Ma -
te ri als, 39, (2003),1097.

L10

THE STRUCTURE ANALYSIS USING PROGRAM MAUD

Martin Kusý

Ústav Materiálov, J. Bottu 23, 917 23 Trnava, Slovenská Republika, 
e-mail: mar tin.kusy@stuba.sk

The struc ture de ter mi na tion from pow der dif frac tion data
us ing the Rietveld ap proach is in most cases te dious work.
How ever, due to suit able soft ware avail able long last ing
cal cu la tions can be sig nif i cantly short ened. Cur rently, va ri -
ety of com puter pro grams for this pur pose is avail able ei -
ther as freeware or on a com mer cial base. Nev er the less, the 
de gree these pro grams help user in ex tract ing the struc tural
data may vary sig nif i cantly. The shared com puter pro -
grams based on the Rietveld method can be di vided into
two gen eral cat e go ries from the point of pro cess ing ba sic
Rietveld refinable pa ram e ters. First cat e gory con tains
num ber of ex am ples of pro grams which pro vide user with a 
value of re fined pa ram e ters, for ex am ple GSAS, DBWS or
FullProf. On the other hand only few pro grams are avail -
able which di rectly list val ues of struc tural pa ram e ters de -
ter mined af ter each re fine ment cy cle. One of them is a
Rietveld method based com puter pro gram MAUD. 

Both ap proaches have ad van tages as well as draw -
backs. The first group of pro grams nec es sar ily needs to em -
ploy fur ther pro cess ing of ex tracted pa ram e ters. On the
other hand it means also op por tu nity for op er a tor to treat
and ma nip u late the raw pa ram e ters in or der to ex tract spe -
cific struc tural in for ma tion. Sec ond group of fers in stant in -
for ma tion about struc tural pa ram e ters which are
con sid ered as re fined val ues. How ever, these are pro vided
with out pos si bil ity to in ter act with ba sic pa ram e ters known 
from the Rietveld ap proach. Cer tainly, num ber of sup port -
ers can be found for both cat e go ries of pro grams. This con -
tri bu tion is not aimed at find ing the best group of pro grams. 
It would rather con cen trate and high light some of valu able
func tions and prop er ties the com puter pro gram MAUD of -
fers to an op er a tor.

Maud – stands for Materials Analysis Using Diffraction 
is dif frac tion/re flec tivity anal y sis pro gram de vel oped on

the ba sis of Rietveld method by Luca Lutterotti from Uni -
ver sity of Trento in It aly. This pro gram is avail able since
1997. Maud is writ ten in Java and can be ex e cut able in
Win dows, Mac OSX, Linux or Unix with pre-in stalled
Java VM 1.4.

Au thor sum ma rized the main fea tures of the Maud pro -
gram as fol lows:

• Easy to use, ev ery ac tion is con trolled by a GUI 

• Works with X-ray, syn chro tron, Neu tron, TOF 
• De vel oped for Rietveld anal y sis, si mul ta neous multi

spec tra and dif fer ent in stru ments/tech niques sup -
ported 

• Ab-in itio struc ture so lu tion in te gra tion, from peak
find ing, in dex ing to solv ing 

• Dif fer ent op ti mi za tion al go rithms avail able (LS,
Evo lu tion ary, Sim u lated An neal ing, Metadynamics) 

• Le Bail fit ting 

• Quan ti ta tive phase anal y sis 

• Microstructure anal y sis (size-strain, ani so tropy and
dis tri bu tions in cluded) 

• Tex ture and re sid ual stress anal y sis us ing part or full
spec tra 

• MEM al go rithm for Elec tron Den sity Maps and fit -
ting 

• Thin film and multilayer aware; film thick ness and
ab sorp tion mod els 

• Re flec tivity fit ting by dif fer ent mod els, from Parratt
(Ma trix) to Dis crete Born Ap prox i ma tion 

• Sev eral data files in put for mats 

• Works and in put im ages from 2D de tec tors (im age
plates, CCD) 
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Fig ure 1. Rel a tive changes of unit-cell di men sions in TiS at el e -
vated tem per a ture.
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• CIF com pli ance for in put/out put; im port struc tures
from da ta bases

Our ex pe ri ence with the struc ture anal y sis of bulk steels 
or steel pow ders usu ally leads to ap pli ca tion of quan ti ta tive 
phase anal y sis, microstructure anal y sis, tex ture anal y sis. In 
case of coated steel sheets, film thick ness was de ter mined
suc cess fully.

Due to sim ple user in ter face and avail able wiz ard the
quan ti ta tive phase anal y sis can be per formed us ing Maud
in an in tu itive way via re leas ing set of refinable pa ram e ters
in five easy steps. Ad vanced us ers have op por tu nity to con -
trol each pa ram e ter sep a rately.  

For the pur pose of microstructure anal y sis, Maud al -
lows to use iso tro pic Delf model, anisotropic mod els with
no rules and anisotropic model with Popa rules. War ren
mod els for antiphase bound ary and pla nar de fects are also
im ple mented in the code.

User can find also ef fec tive tools for com pen sa tion the
tex ture of ma te rial. For this pur pose, mod els such as
March-Dollase, Har monic func tions, E-WIMV, WIMV
are avail able. Ex pe ri ence shows that in most cases har -
monic func tions tends to be ef fec tive only when fi ber sym -
me try as sim plest one is en gaged. The lower the sym me try
the more of un sta ble pa ram e ters usu ally ap pears. E-WIMV
and WIMV mod ules, al lows the tex ture to be de ter mined
us ing Beartex from tex ture mea sure ments and im ported af -
ter wards. Bear ing in mind the draw back of har monic func -

tions to im port data from Beartex ap pears to be a saf est way 
of tex ture com pen sa tion.     

The Maud pro gram pro vides user ef fec tive tool to char -
ac ter ize lay ers or multilayers de pos ited on sin gle or
multiphase sub strate with pos si bil ity of thick ness de ter mi -
na tion. For this pur pose, the ex pected struc ture, phase con -
sti tu tion, or der ing of lay ers and thick ness is de signed via
avail able pro gram in ter face. All men tioned layer prop er ties 
can be dur ing pro gram ex e cu tion han dled as refinalbe pa -
ram e ters.

The Maud pro gram is ef fec tive tool for struc ture anal y -
sis us ing dif frac tion. In gen eral, it of fers user friendly in ter -
face with the real-time pat tern re fine ment mon i tor. Wider
ap pli ca tion of this pro gram in sci en tific com mu nity is
prob a bly hin dered with fact that there is no user guide
avail able at the mo ment. Ex ist ing tu to ri als, Maud fo rum
and Down load sec tion can be found at
http://www.ing.unitn.it/~maud/in dex.html. 

L. Lutterotti, S. Matthies and H. -R. Wenk, “MAUD (Ma -
te rial Anal y sis Us ing Dif frac tion): a user friendly Java pro -
gram for Rietveld Tex ture Anal y sis and more”, Pro ceed ing
of the Twelfth In ter na tional Con fer ence on Tex tures of
Ma te ri als (ICOTOM-12), Vol. 1, 1599, (1999)

Ac knowl edge ment

Fi nan cial sup port of the Slo vak Grant Agency VEGA pro -
vided to pro ject 1/4107/07 is ac knowl edged..
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(see page 103  for more)

L12

SCANNING PROBE MICROSCOPY TECHNIQUES WITH ATOMIC RESOLUTION

Ivan Oš•ádal

De part ment of Sur face and Plasma Sci ence, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in
Prague, V Holešovièkách 2, 182 00 Praha 8, Czech Re pub lic

Scan ning tun nel ing mi cros copy (STM), atomic force mi -
cros copy (AFM) and re lated scan ning probe mi cros copy
(SPM) tech niques de vel oped dur ing the last two de cades
are widely used for study ing ma te rial sur faces. In for ma tion 
on sur face struc ture with atomic res o lu tion pro vided by im -
ag ing in real space con sid er ably helped to elu ci date a num -
ber of open ques tions and in tro duced new con cepts into
study ing sur face pro cesses and crys tal growth. STM tech -
nique (lim ited on con duc tive ma te ri als) can be mod i fied for 
tun nel ing elec tron spec tros copy and used for in ves ti ga tion
of lo cal elec tron struc ture at sur face. Dy nam i cal mea sure -
ments – im ag ing the sur face at chang ing sam ple tem per a -
ture or even dur ing de po si tion of grow ing ma te rial – al low
di rect study ing of phase tran si tions, be hav ior of in di vid ual
at oms at sur face dif fu sion, nu cle ation and growth. STM in -
stalled into ultrahigh vac uum cham ber with var i ous de po si -

tion and other tech niques for sur face anal y sis rep re sents a
pow er ful tool for com plex ex per i ments in sur face sci ence.
AFM is the most used SPM tech nique es pe cially due to
vari abil ity of mea sur ing modes, pos si bil ity of us ing var i -
ous in ter ac tions for im ag ing sam ple sur face and mea sure -
ment at am bi ent con di tions. Well de fined atom i cally
re solved mea sure ments re quire ultrahigh vac uum con di -
tions. AFM im ages ob tained in this way can be in ter preted
with the help of the o ret i cal mod els and chem i cal res o lu tion
is pos si ble.

The con tri bu tion is fo cused on STM and AFM meth -
ods with re spect of im ag ing sur faces with atomic res o lu -
tion. It pro vides in for ma tion on con di tions and lim i ta tions
of im ag ing, a com par i son with other tech niques and new
pros pects.
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MICROSTRUCTURE ANALYSIS OF NANOCRYSTALLINE MATERIALS AND
NANOCOMPOSITES USING THE COMBINATION OF X-RAY DIFFRACTION AND

TRANSMISSION ELECTRON MICROSCOPY

D. Rafaja1, V. Klemm1, C. Wüstefeld1, M. Motylenko1, M. Dopita1,2

1In sti tute of Ma te ri als Sci ence, TU Bergakademie Freiberg, Gustav-Zeuner-Str. 5, D-09599 Freiberg, Ger -
many

2De part ment of Con densed Mat ter Phys ics, Charles Uni ver sity Prague, Ke Karlovu 5, CZ-121 16 Prague 2,
Czech Re pub lic

Cor re spond ing au thor: rafaja@ww.tu-freiberg.de

The ca pa bil ity of the com bi na tion of the X-ray dif frac tion
and the trans mis sion elec tron mi cros copy for the
microstructure in ves ti ga tions on thin film and bulk
nanocomposites are il lus trated on three ex per i men tal ex -
am ples: two Cr-Al-Si-N coat ings with dif fer ent chem i cal
com po si tions and one BN bulk nanocomposite. Us ing a
mod i fied kinematical dif frac tion the ory that de scribes and
ex plains the phe nom e non of the par tial crys tal lo graphic

co her ence of crys tal lites, we could show that the anal y sis
of the X-ray dif frac tion line broad en ing is able to re veal
nanocrystalline do mains or gan ised in semi-co her ent clus -
ters, to de ter mine the size of the nanocrystalline do mains
and the clus ters, and to quan tify the mu tual ori en ta tion of
the par tially co her ent crys tal lites within these clus ters.
(see page 67  for more).
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INTERDIFFUSION IN SIGE ALLOYS STUDIED BY X-RAYS

M. Meduòa1, J. Novák1, G. Bauer2, V. Holý3, C.V. Falub4, S. Tsujino4, D. Grützmacher4 
1In sti tute of Con densed Mat ter Phys ics, Masaryk Uni ver sity, Kotláøská 2, 611 37 Brno, Czech Re pub lic

2Institut für Halbleiterphysik, J Kep ler Universität, Altenbergerstrasse 69, A-4040 Linz, Aus tria
3Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, Ke Karlovu 5, 121 16 Prague,

Czech Re pub lic
4Lab o ra tory for Mi cro- and Nanotechnology, Paul Scherrer Institut, CH-5232 Villigen PSI, Swit zer land

mjme@phys ics.muni.cz

A grow ing im por tance of SiGe-based elec tronic and of op -
to el ec tronic de vices in re cent past is ev i dent due to a sig nif -
i cant prog ress in Si/SiGe band gap and strain en gi neer ing
[1]. De vices such as MOSFETs are one of these, which at -
tract their at ten tion very in ten sively due to their ap pli ca tion 
in CMOS cir cuits. Quan tum cas cade la sers and light emit -
ters gain their in ter est for its cur rent thresh old and low
power con sump tion. The pro duc tion of light emit ters have
been al ready mas tered to a cer tain ex tent in III-V ma te ri als, 
but mak ing of op to el ec tronic de vices on the ba sis of IV-IV
ma te ri als is more chal leng ing be cause of their com pat i bil -
ity to a stan dard Si tech nol ogy [2].  

A typ i cal ob sta cle that has to be over come in de sign,
pro cess ing and op er a tion of all elec tronic de vices is the
ther mal load dur ing fab ri ca tion and dur ing op er a tion. Due
to heat dis si pa tion in the cir cuits and op er a tion of de vices at 
high tem per a tures, the dif fu sion pro cesses of the ma te ri als
has to be taken into ac count. Thus a de tailed knowl edge of
the dif fu sion in SiGe al loys is highly de sir able. Un for tu -
nately the interdiffusion pro cess in SiGe is unlinear and
strongly de pends on Ge con cen tra tion [3]. The pa ram e ters
de scrib ing pre cisely the SiGe in ter mix ing are still un der in -
ves ti ga tion. 

The interdiffusion co ef fi cient of mix tures can be de -
scribed by Arheniuss equa tion D = D0 exp(EA/kT) given by

ac ti va tion en ergy EA and dif fu sion pre-ex po nen tial fac tor
D0. The non-lin ear ity of the dif fu sion pro cess in SiGe al -
loys con sists in the strong de pend ence of EA and D0 on the
Ge con cen tra tion XGe in Si1-xGex [3,4]. Up to now only ac ti -
va tion en er gies EA and dif fu sion prefactors D0 for XGe up to
Ge con tents of 50% were re ported with com par a tively
large er ror bars [4]. Re cently the au thors Aubertine et al.
have per formed a sys tem atic mea sure ment of
interdiffusion in SiGe multilayers with es ti ma tion of EA

and D0 for 0 < XGe < 0.20 with rel a tively small ex per i men -
tal er ror [5]. To our knowl edge the pa ram e ters EA and D0

for Si1-xGex in the range of XGe from 0.5 to 1 are not well re -
ported.

 The aim of our in ves ti ga tion was to ex tend the knowl -
edge about SiGe interdiffusion pro cess also for the range of 
Ge con tent from 25 % to 50 % and to de ter mine new val ues
of EA and D0. We have an nealed sim ple Si1-xGex multilayers 
grown by mo lec u lar beam ep i taxy on re laxed SiGe
pseudosubstrate with graded Ge con tent from pure Si up to
con stant com po si tion top layer. The multilayer it self con -
sisted nom i nally from 30 pe ri ods of SiGe/Si bilayers
sandwiched in be tween a 20 nm thick step graded layer sys -
tem and cov ered by an ad di tional SiGe cap layer due to
strain symmetrization. More about the sam ple struc ture and 
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about the ex per i ment can be found in our re cent pub li ca tion 
[6].
In or der to study the dif fu sion prop er ties of SiGe al loys in
multilayer struc tures, we have used in-situ x-ray re flec -
tivity and dif frac tion tech niques per formed at ESRF at
beamline BM20. The crit i cal tem per a ture, where the
interdiffusion started to be ob serv able in our multilayers,
was around 700 °C and thus we have per formed sev eral
iso ther mal an neal ing mea sure ments above this tem per a ture 
in or der to ob tain ac ti va tion en ergy EA and dif fu sion
pre-ex po nen tial fac tor D0. Re cip ro cal space maps were re -
corded at sev eral stages of an neal ing and for sev eral tem -
per a tures mostly around 800 °C. The dif fu sion co ef fi cients
were ob tained from the Ge con tent pro file and from the
pro file of elec tron den sity, which were de ter mined from

sim u la tions of specular reflectivity and diffraction data, see 
Fig. 1.

The re sults were com pared with data re cently pub lished 
by Aubertine et al. [5], who re port dif fu sion co ef fi cients
show ing lin ear de crease of ac ti va tion en ergy and ex po nen -
tial de crease with Ge con cen tra tion. Our ex per i ments show 
good agree ment with ex trap o la tion of these data [6] for Ge
con tents 50 % and 25 %. This state ment sug gests fur ther
gen er al iza tion whether the de pend ency of EA or D0 is lin ear 
or ex po nen tial for the whole range of Ge con tent.

1.    D. Paul, Phys ics World, 13, 27 (2000).

2.    S. Tsujino, A. Bor ak, E. Müller, M. Scheinert, C.V. Falub,
H. Sigg, D. Grützmacher, M. Giovannini, J. Faist, Appl.
Phys. Lett., 86, (2006), 62113.

3.    N. R. Zangenberg, J. Lundsgaard Hansen, J. Fage-Pedersen
& A. Nylandsted Larsen, Phys. Rev. Lett., 87, (2001),
125901.

4. D.B. Aubertine, M.A. Mander, N. Ozguven, A.F. Mar shall, 
P.C. McIntyre, J. O. Chu, P. M. Moo ney, J.Appl. Phys., 92, 
(2002), 5027.

5.  D.B. Aubertine &  P.C. McIntyre, J.Appl. Phys., 97,
(2005), 13531.

6. M. Meduòa, J. Novák, G. Bauer, V. Holý, C.V. Falub, S.
Tsujino & D. Grützmacher, Semicond.Sci.Techn., 22,
(2007), 447.
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See page 108 for more

L16 

See page 110  for more

Fig ure 1. Evo lu tion of x-ray re flec tivity dur ing an neal ing of
Si0.7Ge0.3/Si multilayer at 747 °C.
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ANALÝZA VPLYVU PARAMETROV NAPRAšOVANIA NA KVALITATÍVNE ZLOžENIE
TVRDÝCH POVLAKOV

¼. Èaploviè1, J. Sondor2, J. Šimko3 
1Ústav materiálov, Materiálovotechnologická fakulta STU, Trnava, Slovenská republika

2LISS, a.s., Rožnov pod Radhoštem, Èeská republika
3PSA, a.s., Trnava, Slovenská republika

lubomir.caplovic@stuba.sk

V odbornej literatúre sme nenašli príspevky, ktoré by boli
zamerané na sledovanie parametrov PVD naprašovania na
tvorbu vrstvy. Väèšina autorov sa venuje kvalitatívnemu
a kvantitatívnemu hodnoteniu PVD vrstiev vytvorených za 
predom definovaných podmienok [1-4]. V príspevku sa
preto hodnotil vplyv predpätia a pracovného tlaku na
kvalitatívne zmeny tvrdých vrstiev TiN/TiAlN
vytvorených metódou PVD (konvenèný katódový oblúk)
v zariadení PLATIT 1000. Rozsah použitých tlakov bol od
0,5 Pa do 5 Pa a hodnoty predpätia sa menili od 5 V do 500
V.  Získané povlaky vytvorené na substráte spekaného
karbidu (WC/Co) sa analyzovali pomocou rtg. difrakcie
a to kvalitatívnou analýzou urèujúcou fázové zloženie
vytvorených vrstiev ako aj kvantitatívnym hodnotením
difrakèných profilov, z ktorých sa analyzovala textúra
povlakov a hodnota štruktúrnych napätí vo vrstvách. 

Ukázalo sa, že zmena parametrov naprašovania
nemenila fázové zloženie vzniknutých vrstiev. Vo
všetkých prípadoch sme detekovali prítomnos• nitridu
titánu TiN0,9 a nitridu hliníka AlN, (AlTi)N. Substrát
tvorila zmes karbidu volfrámu WC a Co. Difrakèný obraz
pre parametre naprašovania (BIAS 500 V, p = 1,3 Pa) je na
obr.1.

Zásadný vplyv zmeny predpätia sa prejavil
v kvantitatívnom zložení vrstiev, stupni textúry a hodnote
vnútorných štruktúrnych napätí vo vrstve. Kým nízke
predpätia (5 a 25 V) vytvárali tenké vrstvy z relatívne
nízkymi štruktúrnymi napätiami, pri dosiahnutí 75 V
(100 V) bola vrstva optimálna z h¾adiska hrúbky, ale mala

najvyššie hodnoty štruktúrnych napätí. Ïalšie zvyšovanie
predpätia spôsobilo pokles hrúbky vrstvy v dôsledku
vyššej kinetickej energie dopadajúcich iónov pôsobiacich
odprašujúcim úèinkom. Súèasne mierne klesala hodnota
štruktúrnych napätí a textúry. 

Zmena pracovného tlaku v naprašovacej komore sa
výrazne neprejavila na nameraných difrakèných obrazoch
vytvorených vrstiev.

1. J.L. Endrino, G.S. Fox-Rabinovich, C. Gey.: Hard AlTiN,
AlCrN PVD coat ings for ma chin ing of austenitic stain less
steel, Sur face & Coat ings Tech nol ogy 200 (2006)

6840–6845.

2. M. Arndt, T. Kacsich.: Per for mance of new AlTiN coat ings 
in dry and high speed cut ting, Sur face and Coat ings Tech -

nol ogy 163 –164 (2003) 674–680.

3. C. Ducros, C. Cayron, F. Sanchette.: Mul ti lay ered and
nanolayered hard nitride thin films de pos ited by cath odic
arc evap o ra tion. Part 1: De po si tion, mor phol ogy and
microstructure, Sur face & Coat ings Tech nol ogy 201 (2006) 

136–142.

4. C.V. Falub, A. Karimi, M. Ante, W. Kalss.: In ter de pen -
dence be tween stress and tex ture in arc evap o rated
Ti–Al–N thin films, Sur face & Coat ings Tech nol ogy 201
(2007) 5891–5898.Táto práca vznikla v rámci realizácie
projektu EUREKA  EURB-0005-06.

Obr. 1 Difrakèný obraz vytvorenej vrstvy na sub strate spekaného karbidu
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KVANTITATIVNÍ RENTGENOVÁ DIFRAKÈNÍ ANALÝZA DVOUFÁZOVÝCH                              
TEXTUROVANÝCH VZORKÙ

J. Marek, Z. Pala, K. Kolaøík  

De part ment of Solid State En gi neer ing, Fac ulty of Nu clear Sci ences and Phys i cal En gi neer ing, Czech Tech -
ni cal Uni ver sity in Prague, Trojanova 13, 120 00 Prague 2

Základním problémem metodiky kvantitativní
rentgenové difrakèní fázové analýzy je  texturovanost
mìøených vzorkù, která mìní intenzity difraèních píkù. 

Pro fázovou analýzu byla použita bezstandardová
metoda [1] pro dvoufázové netexturované vzorky.
Texturovanost integrálních intenzit píkù  (hkl) obou fází je
korigována pomocí faktorù  P(hkl)  vypoètených
Harrisovou metodou  [2, 3]. Pro tuto metodiku jsou
uvedeny  matematické vztahy, výpoèetní programy a 
jejich výsledky. Jsou uvedeny analýzy práškových vzorkù

a vzorkù s vysokým a nízkým stupnìm texturovanosti a
diskuse výsledkù.

1. Fiala J.  Absolutní stanovení objemového podílu alfa a
gama fáze železa rentgenografickou metodou.  1967.

2. Har ris, G. B.: Phil.Mag. 43 (1952) S.113-125.

3. Wasserman G., Grewen J.:Texturen metallischer
Werkstoffe,  Springer-Verlag 1962, S.94.
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SEMIQUANTITATIVE METHOD FOR THE MONITORING OF THE GEOPOLYMER
TRANSFORMATION PRODUCTS

J. Had

In sti tute of Chem i cal Tech nol ogy, Cen tral lab o ra to ries, Prague 

Syn thetic geopolymers ap pear to be prom is ing ma te rial ap -
pli ca ble to a wide range of in dus trial branches, namely in
build ing in dus try. Nev er the less prod ucts of  geopolymer
trans for ma tion can de te ri o rate prop er ties of pro duc tion.
X-Ray phase anal y sis of geopolymers orig i nat ing from 
ther mal treated ka oline /metakaoline/ by al ka line treat ment
/NaOH and wa ter glass/ has been car ried out. Fol low ing
prod ucts of the trans for ma tion have been iden ti fied: ze o lite 
P, ze o lite X, ze o lite A, sodalite H and analcim T. A method
for rel a tive de ter mi na tion  of the sum of the re ferred-to

phases has been worked out for the syn thetic geopolymers,
with re spect  to re quired quick de ter mi na tion and ad e quate
ac cu racy. Data ob tained in such way were col lated with
me chan i cal prop er ties of the geopolymers aris ing from 
metakaolines at var i ous tem per a tures of cal ci na tion and
dif fer ent age ing pe riod, both at lab o ra tory and 100oC tem -
per a ture. Com pres sion strength re sults cor re lated to the
sums of the scaled in ten si ties are pre sented prov ing ap pli -
ca bil ity of the worked-out method.
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ÈTVRTÉ MOMENTY V PROFILOVÉ ANALÝZE

M. Èeròanský

Fyzikální ústav AV ÈR, v.v.i., Na Slovance 2, 182 21 Praha 8, Èeská republika
cernan@fzu.cz

K popisu difrakèních profilù byly z matematické statistiky
formálnì pøevzaty nìkteré velièiny charakterizující hustotu 
(rozložení) pravdìpodobnosti f(x) náhodné velièiny x.
Motivem byla vnìjší podobnost tvarù hustot. Jednalo se
zejména o momenty hustoty pravdìpodobnosti, které
jistým zhuš•ujícím zpùsobem charakterizují prùbìh, resp.
tvar hustoty pravdìpodobnosti: 

M f x dx0 = ò ( )

integrální intenzita,            (1)

kterou je rozumné normovat k 1, podobnì jako je
normovaná hustota pravdìpodobnosti v matematické
statistice. To umožòuje dále používat ménì komplikované
vztahy pro normované resp. redukované momenty (kolem
poèátku), které jsou definovány rovnicemi [1] 

m f x dx0 1= =ò ( )

m xf x dx T1 = =ò ( )  - tìžištì

m x f x dx2
2= ò ( )                 (2)

m x f x dx3
3= ò ( )

m x f x dx4
4= ò ( )

                                                        
Centrální momenty, vztažené k tìžišti, pak vycházejí [1]

                                                                
m 0 1=
m 1 0=
m 2 1

2
2 1

2= - = - =ò ( ) ( ) ( )x m f x dx m m W - vari ance

m 3 3 1 2 1
33= - +m m m m( )

m 3 4 1 3 1
2

2 1
44 6 3= - + -m m m m m m( ) ( )

Dùležitou vlastností momentù je, že pokud funkce h je
konvolucí funkcí f a g, pak pro tìžištì a pro vari ance platí
[2]

            T
h = Tf  +Tg                                                                              (4)

 a 
        Wh = Wf + Wg                                                       (5)

Podobný jednoduchý vztah aditivity platí ještì pro tøetí

centrální momenty m3, zatímco pro ètvrté momenty platí [2]

 m m m m m4 4 2 2 46 6, , , , , ( )h f f g g= + +

V analýze difrakèních profilù se velmi èasto užívá
druhý centrální mo ment – vari ance, nejen díky rovnici (5),
ale taky díky své pøímé fyzikální interpretaci [3]. Na
užiteènost ètvrtých momentù v profilové analýze bylo
upozornìno v [4]. Více pozornosti vìnovali ètvrtým
momentùm autoøi [5], zejména k urèování velikosti èástic,
mikrodeformací a obsahu uhlíku v martenzitu z jedné
difrakèní linie. Jejich postup byl použitý k urèení velikosti
èástic a mikrodeformací z jedné linie pøi studiu plastické
deformace kovù [6]. V pøíspìvku bude pozornost zamìøena 
zejména na tuto problematiku.

1. H. Cramér, Math e mat i cal Meth ods of Sta tis tics. Prince ton:
Prince ton Uni ver sity Press. 1946.

2. A. Fingerland, Czech J. Phys., B 10, (1960), 233. 

3. A.J.C. Wil son, Proc. Phys. Soc., 80, (1962), 286, 81,
(1963), 41, 82, (1963), 986.

4. G.B. Mitra, Brit. J. Appl. Phys., 15, (1964), 917.

5. A.S. Kagan & V.M. Snovidov, Fizika metallov i
metallovedenije, 19, (1965), 191. 

6. J. Neumann & M. Èermák, Ès. èas. fyz., A 27, (1977), 601.

Tato práce vznikla v rámci realizace projektu Grantové
agentury Èeské republiky, èíslo 106/07/0805.
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PANALYTICAL USER'S MEETING

EXPERIENCE FROM ALMELO LABORATORY

Z. Matìj1*, J. F. Woitok2,  A. Kharchenko2, R. Kužel1, V. Holý1

1De part ment of Con densed Mat ter Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in
Prague, Ke Karlovu 5, 121 16 Praha 2, Czech Re pub lic

2PANanalytical, Lelyweg 1, P.O. Box 13, 7600 AA Almelo, The Neth er lands
e-mail*: matej@karlov.mff.cuni.cz

Sam ples

Var i ous types of x-ray op tics in dif fer ent dif frac tion ge om -
e tries were tested on tree types of sam ples: a high qual ity
epitaxial layer of GaMnAs, polycrystalline Cu sam ples
pre pared by se vere plas tic de for ma tion and mag ne tron
sput tered TiO2 nanocrystalline thin films. The aim of the
pro ject was to test se lected x-ray op tics mod ules and try to
mea sure in nonconventional ex per i men tal ar range ments as
well as study struc ture of the sam ples.

Po si ti on sensi ti ve de tec tors X’Celerator and 
PI X cel

Both po si tion sen si tive de tec tors (PSDs) X’Celerator and a
pro to type of new de tec tor PIXcel were avail able on an hor -
i zon tal MRD sys tem. The MRD sys tem with the se lected
incidenc beam op tics (a hy brid mono chro ma tor or a
stand-alone mir ror) was used mainly for high res o lu tion
ex per i ments and par al lel beam ap pli ca tions. Hence we uti -
lized these de tec tors for re cip ro cal map mea sure ments
(Fig. 1 and 2) and for a mea sure ment in the par al lel beam
geometry with a low take-off angle (Fig. 5).

Com pa ri son of Hyb rid and a1 mo nochro ma tors

The 2X Hy brid Mir ror/Mono chro ma tor was used for the
high res o lu tion mea sure ments of the GaMnAs layer sam -
ple. The in ten sity gain was ex cel lent with good an gu lar res -
o lu tion (Fig. 3). Only for higher dif frac tion an gles ((006)
dif frac tion) the broad spec tral band-pass of the
monochromater in duced a sig nif i cant broad en ing of the
GaAs sub strate peak.

Both mono chro ma tors, the Hy brid and the Alpha1,
were tested on polycrystalline Cu sam ples pre pared by se -
vere plas tic de for ma tion. The in ten sity of the fo cus ing
Alpha1 mono chro ma tor was very good, it was pos si ble to
uti lize all ad van tages of the fo cus ing sym met ri cal ge om e -
try (prog. slits, PSD de tec tor). The shape of the peaks pro -
files was re ally nice (Fig. 4, po ten tially of enough qual ity to 
make pos si ble eval u a tion of the dis lo ca tion den sity and ar -
range ment). The in ten sity from the Cu sam ple mea sured by 
the 2X Hy brid Mono chro ma tor was lower. It is, how ever,
nec es sary to con sider that for this bulk polycrystalline sam -
ple the used par al lel beam setup is not a good op tion. Just a
very small part of the sam ple is ir ra di ated in the sym met ri -
cal scan. It is not pos si ble to use any PSD de tec tor. On the
other hand in com par i son with the Bartels Mono chro ma -
tors avail able in the MFF x-ray lab o ra tory the in ten sity
gain from the Hy brid Mono chro ma tor is much higher,

hence also powder samples can be measured with excellent 
resolution.

Ap pli ca tions of the Alpha1 and the Hy brid Mono chro -
ma tors is well de scribed in the X’Pert PRO User’s Guide.

Fig ure 1. GaMnAs (204), Hy brid Mono chro ma tor, Tri ple
axis an a lyzer, 15 h, note that the (204) is a weak dif frac tion for 
Zinc Blende type semi con duc tor struc tures

Fig ure 2. GaMnAs (204), Hy brid Mono chro ma tor, PIXcel, 2 h 20 
min, 4x higher ab so lute in ten sity than with TA (Fig. 1)

mailto:matej@karlov.mff.cuni.cz
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Me a su re ment of thin films -  gra zing in ci den ce vs.
gra zing ex ci den ce

The aim of this ex per i ment was mainly to check use ful ness
of a PSD de tec tor in the par al lel beam ge om e try for study
of polycrystalline thin films. To achieve a good res o lu tion
in stead of the 2Theta scan with a low in ci dence an gle the
ex per i ment was done in the graz ing exit ge om e try. The
scan, a lit tle bit un con ven tional in the Data Col lec tor soft -
ware, with a same step in the both an gles, in ci dent an gle
Omega as well as the dif fracted an gle 2Theta, was per -
formed. The PSD de tec tor was mea sur ing spec tra for some
range of dif frac tion an gles 2Theta for each step of the scan.

Hence a se ries of 2Theta scans for dif fer ent take-off an gles
Al phaf = 2Theta – Omega were ac quired (Fig. 6). The exit
an gles were re ally low – close to zero. It should be pos si ble
to eval u ate layer struc ture of the sam ple, how ever, it is
com pli cated by tex ture.

Fig ure 3. (004) dif frac tion of GaMnAs (50 nm), MPD, 2X Hy -
brid Mono chro ma tor, Mir ror in the Diff. beam, 10 min. Fig ure 4. ECAP(1x) Cu sam ple, Alpha1 sys tem,

X’Celerator, 13 h.

Fig ure 5. TiO2 thin film on Si sub strate: Part of the mea sured spec tra with the PSD in the low exit an gle ge om e try. Ana tase (101) – the
higher peak at the lower 2Theta an gle,  Rutile (110) – the lower peak at the higher 2Theta an gle; range of the exit an gle: 0 – 10 deg.
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MICRO-DIFFRACTION WITH A MONO-CAPILLARY: HOW TO SETUP OUR
EXPERIMENT 

P. Bezdièka, E. Kotulanová

In sti tute of In or ganic Chem is try AS CR, v.v.i., 250 68  Husinec-Øež, Czech Re pub lic
petrb@iic.cas.cz

The ex per i men tal setup of a mi cro-dif frac tion ex per i ment
has al ready been de scribed else where [1]. One of the most
im por tant as pects of the mi cro-dif frac tion ex per i ment is
the align ment of a sam ple.

The spot on the sam ple that is to be an a lyzed can be de -
ter mined by means of an align ment mi cro scope. This mi -
cro scope in at tached to a Pre FIX in ter face and it is
equipped with a cross-hair in the oc u lar. This setup per mits

one to ad just sam ples with a pre ci sion of about 50 mm.
There is no way how to store the “in situ” in for ma tion
about the an a lyzed point or even about the pre ci sion of the
sys tem align ment.

There fore we de cided to mod ify this ex per i men tal
setup us ing the align ment mi cro scope. To gether with 
IntracoMicro, Ltd. we con structed an op ti cal in ter face for
ac com mo da tion of a video cam era in the po si tion of the mi -
cro scope eyepiece (fig. 1).

This in ter face is equipped with a sim i lar cross-hair that
is also aligned with the op ti cal sys tem of our X’PertPRO
diffractometer. There fore it could be used in the same way
as an op ti cal eye piece. Ei ther an an a log or a dig i tal video
cam era with a ½” sen sor and C/CS lens can be used with this 
in ter face. The choice of a cam era de pends on what is the
main pur pose of the use of such at tach ment. If it is the pref -
er ence of a good doc u men ta tion of ex per i ments, a dig i tal
cam era may be in pref er ence, as it per mits the pro duc tion
of pho to graphs with a better res o lu tion and better re pro -
duc tion of col ors. If it is nec es sary to check the align ment
of the sys tem that needs to vi su al ize the trace of the pri mary 
beam on the sur face of a flu o res cence disk, the an a log cam -
era, with its su pe rior sen si tiv ity, is ab so lutely nec es sary.
The use of such a cam era (with the sen si tiv ity better than
0.01 Lux) can be very use ful for a rou tine check of the sys -
tem. An inferior resolution and color in accuracy are the
drawbacks of that choice.

Fig ure 1. Mintron MTV-62W1P cam era equipped with an op ti -
cal in ter face.

Fig ure 2. A video cam era in stalled in the X’PertPRO
diffractometer

Fig ure 3. A typ i cal pho to graph of the aligned sam ple that is to be
an a lyzed.
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Af ter con sid er ation of all ben e fits and draw backs of the 
use of ei ther an an a log or a dig i tal cam era, we de cided to
in stall for our sys tem the an a log “Mintron MTV-62W1P”
cam era (fig. 1) with the min i mum sen si tiv ity of 0.007 Lux.

The over view of the ex per i men tal setup in stalled on our 
X’PertPRO diffractometer is shown in the fig ure 2.

Fig ure 3 shows a typ i cal sam ple of a frag ment that has
been placed on a Si zero back ground sam ple holder and set
up for X-ray pow der mi cro-dif frac tion with the an a lyzed
point (cross-hair)

The X-ray mi cro-dif frac tion with a con ven tional X-ray
tube, fo cus ing mono-cap il lary with a di am e ter of 0.1 mm,

and a po si tion-sen si tive de tec tor al lows anal y sis of frag -
ments as well as pol ished cross sec tions that per mits us to
deal with sam ples rou tinely pre pared for op ti cal or elec tron 
mi cros copy. The use of a video sys tem for align ment of
such sam ples sig nif i cantly en hances the ac cu racy of po si -
tion ing of sam ples and per mits a rou tine check of ad just -
ment of the whole sys tem.

1.  V. Šímová, P. Bezdièka, J. Hradilová, D. Hradil, T.
Grygar, Pow der Dif fract., 20, (2005), 224.

TEXTURE AND STRESS MEASUREMENT WITH THE EULERIAN CRADLE ON MRD
SYSTEM, DOUBLE-MIRROR SETUP

R. Kužel

De part ment of Con densed Mat ter Phys ics, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity in
Prague, Ke Karlovu 5, 121 16 Praha 2, Czech Re pub lic

Me a su re ment with Eu le ri an cradle

For com plete tex ture and stress anal y sis, it is nec es sary to
mea sure re flec tions not only from the lat tice planes par al lel 

to the sur face as in Bragg-Brentano sym met ri cal q-2q
scans or at spe cific in cli na tions like e.g. for par al lel beam

2q scans. In stead, in for ma tion from large scale of in cli na -
tions is nec es sary. Ei ther their dif frac tion peak in ten si ties
(for tex ture) or po si tions (for stress) are re quired. Tra di -
tion ally Eulerian cra dles are use for this pur pose in com bi -
na tion with point fo cus of the tube and collimators.
How ever, big dis ad van tage of this ar range ment is sig nif i -
cant defocusation  and also loss of in ten sity. There fore in
mod ern diffractometers polycapillaries are used be hind the
X-ray tube which pro duce trans forms di ver gent beams into 
a beam par al lel in all di rec tions. There is still some di ver -
gence there but the sup pres sion of defocusing ef fects and
gain in in ten sity is sig nif i cant. The ar range ment can be in
prin ci ple seen on Fig. 1 which dif fers only in one el e ment,
the Goebel mir ror should re placed by polycapillary mod ule 

for tex ture and stress mea sure ment (of course, also the tube
should be ro tated by 90 ° in or der to use point fo cus).

Not only full tex ture mea sure ment but also fast y, wø or
ö scans can eas ily be done with the cra dle.

Two soft ware pack ages are avail able from Panalytical
– X’Pert Tex ture and X’Pert Stress.

Tex ture soft ware pro vide ba sic func tions for dis play of
pole fig ures in sev eral views (Fig ure 2) and cal cu la tion of
ODF – Ori en ta tion Dis tri bu tion Func tion. Un for tu nately,
there not many op tions for ex am ple for pre cise scal ing of
the plots and their ex port. Nev er the less, ba sic needs of tex -
ture characterization are met.

On the other hand, stress soft ware is very user-friendly.
It al lows both au to matic and man ual data pro cess ing  and
very fast and flex i ble stress eval u a tion not only in ap prox i -

ma tion of uni ax ial stress (nonlinearity in sin2y plot, triaxial 
stress). Da ta base of elas tic con stants for some ma te ri als
can be used and mod i fied by the user.

Panalytical

X-ray tube

CollimatorDetector

Eulerian cradle

X-ray tube

X-Y-Z stage Goebel mirror

MRD Pro

Monochromator

Fig ure 1. Photo of MRD Pro sys tem with Eulerian cra dle.
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Double-mirror setup

Now a days, the mea sure ment us ing par al lel beam and
Goebel mir ror is more or less rou tine es pe cially for thin

films, when 2q scans with small an gles of in ci dence are re -
quired. This ar range ment gives quite high in ten sity but

rather poor res o lu tion that is 3-4 times worse than for con -
ven tional Bragg-Brentano fo cus ing ge om e try. In case of
nanocrystalline films this is not that big prob lem be cause
phys i cal broad en ing is sig nif i cantly higher. How ever, for
films with better crystallinity and not so high strains, the

Fig ure 2.  Pole fig ure (111) of 1 pass ECAP de formed Cu sam ple
in clas si cal con tour plot (top) and the so-called 2.5 D plot (bot -
tom).

Fig ure 3.  Ba sic screen of X’Pert Stress. Peak po si tions are de ter mined au to mat i cally for all mea sured lines but the po si tion
of each in di vid ual peak of sin2ø plot (left bot tom) can be de ter mined by dif fer ent al go rithm (cen ter of grav ity, pa rab ola,
Gauss, Lo rentz, Pearson, pseudo-Voigt func tion, man u ally). The fol low ing cor rec tions can be ap plied – ab sorp tion, trans -

par ency, Lo rentz-po lar iza tion, misalignment, Ka2 strip ping. 
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phys i cal broad en ing is close to the in stru men tal one. In this
case, the in ser tion of the sec ond mir ror in the dif fracted
beam can help. It con verts the par al lel beam to con ver gent
one and re sult ing res o lu tion is back close to the one of B-B
setup. Pic ture of the setup on X´Pert Pro ver ti cal sys tem is
on Fig. 4.

When to use this setup? In all cases, when high res o lu -
tion and par al lel beam on the sam ple are re quired si mul ta -
neously

•Thin film stud ies with low an gles of in ci dence. In
this case, there is one sig nif i cant dis ad van tage – the ac -
cep tance of the sec ond mir ror is very lim ited (to about
1.5 mm) so that the use ful sam ple area is lim ited by this
di men sion. It lead to in ten sity drop and may cause dif fi -
cul ties for sam ples with large grains
•When pre cise spec i men po si tion ing in the goniometer
axis is dif fi cult – ir reg u larly shaped sur face, rough sur -
face, us age of dif fer ent cham bers. In such cases, even

sym met ri cal q - 2q scans may be of in ter est. They give
not much lower in ten si ties than fo cus ing BB setup with
sim i lar res o lu tion. It is well known that fo cus ing ge om -

e tries are very sen si tive to care ful align ment. Dou -
ble-mir ror setup can over come this draw back.

KURS PROTEINOVÉ KRYSTALOGRAFIE

CRYSTALLIZATION METHODS USED IN PROTEIN CRYSTALLOGENESIS

Ivana Kutá Smatanová1,2

1In sti tute of Phys i cal Bi ol ogy Uni ver sity of South Bo he mia Ceske Budejovice, Zamek 136, 373 33 Nove
Hrady, Czech Re pub lic

2In sti tute of Sys tems Bi ol ogy and Ecol ogy Acad emy of Sci ence of the Czech Re pub lic, Zamek 136, 373 33
Nove Hrady, Czech Re pub lic
e-mail: ivas@greentech.cz

Find ing suit able crys tal li za tion con di tions is the main
prob lem to solve a pro tein struc ture by X-ray dif frac tion
tech niques.

In this lec ture:
clas si cal crys tal li za tion tech niques based on evap o ra -

tion used for screen ing and op ti mi za tion of crys tal li za tion
con di tions uti liz ing the screen ing upon pre vi ously suc cess -
ful chem i cal cock tails,

ad vanced coun ter-dif fu sion tech nique that al lows the
screen ing for crys tal li za tion con di tions in a wide range of
supersaturation while sup press ing con cen tra tion, of pro -
tein and pre cip i tant, 

cross-crys tal li za tion pro ce dure based on us ing ad di -
tives to mod ify crys tal mor phol ogy and to im prove dif frac -
tion qual ity,

will be dis cussed. 

Lit er a ture:

Ivana Tomèová and Ivana Kutá Smatanová: Cop per co-crys tal -
li za tion and di va lent metal salts cross-in flu ence ef fect – a
new op ti mi sa tion tool im prov ing crys tal mor phol ogy and
dif frac tion qual ity. Jour nal of Crys tal Growth, ac cepted for

pub li ca tion (2007).

Ivana Tomèová and Ivana Kutá Smatanová: Cross-crys tal li za -
tion as a new op ti mi za tion tool of crys tal li za tion pro ce -
dures. Ma te ri als Struc ture 14, 1, 3-5 (2007).

Ivana Kutá Smatanová, José A. Gavira, Pavlína Øezáèová,
František Vácha, and Juan M. García-Ruiz: New tech -
niques for mem brane pro tein crys tal li za tion tested on
photosystem II core com plex of Pisum sativum. Pho to syn -
the sis Re search 90 (3), 255-259 (2006).

Ivana Tomèová, Rui Miguel Mamede Branca, Gabriella Bodó,
Csaba Bagyinka, and Ivana Kutá Smatanová: Cross-crys -
tal li za tion and pre lim i nary dif frac tion anal y sis of a novel
di-heme cytochrome c4. Acta Cryst. F62, 820-824 (2006).

Julie Wolfova, Rita Grandori, Erika Kozma, Neal Chatterjee,
Jannette Carey and Ivana Kuta Smatanova: Crys tal li za tion
of the flavoprotein WrbA op ti mized by us ing ad di tives and

gels. Jour nal of Crys tal Growth 284, 3-4, 502-505 (2005). 

This work is sup ported by the Min is try of Ed u ca tion of the
Czech Re pub lic (MSM6007665808 and LC06010) and by
the Acad emy of Sci ences of the Czech Re pub lic
(AVOZ60870520).

Fig ure 4. Dou ble-mir ror setup on ver ti cal
diffractometer.
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DEPOSITION OF MACROMOLECULAR STRUCTURES TO THE PROTEIN DATA
BANK (PDB) 

Bohdan Schneider

Cen ter for Biomolecules and Com plex Mo lec u lar Sys tems, In sti tute of Or ganic Chem is try and Bio chem is try,
AS CR, Flem ing Sq. 2, CZ-16610 Prague, Czech Re pub lic

Most grant agen cies and vir tu ally all jour nals re quire that
the re sult of crys tal lo graphic or so lu tion NMR anal y sis are
de pos ited with a pub lic da ta base. In case of macro -
molecular struc tures, it is the Pro tein Data Bank ([1], PDB,
http://www.pdb.org/) or the Nu cleic acid Da ta base ([2],
NDB, http://ndbserver.rutgers.edu). Ev ery one in volved in
struc ture de ter mi na tion should keep in mind that struc tures
that have been nur tured in lab o ra to ries for months and in
some cases for years, will not be viewed in light of note -
books, log files from data pro cess ing and re fine ment, nei -
ther from end less cof fee dis cus sions in the lab o ra tory but
solely by their rep re sen ta tion in the PDB. The de po si tion
pro cess there fore de serves at ten tion and should be viewed
as an im por tant part of struc ture de ter mi na tion. The work -
shop will pres ent the tools de vel oped by the RCSB PDB
that as sist and sim plify the de po si tion. 

The main de po si tion tool is AdIt, de po si tion and val i da -
tion tool, http://de posit.rcsb.org/. It is a web-based mmCIF
ed i tor. To de posit a struc ture, the user uploads the rel e vant
co or di nate and ex per i men tal data files and then adds any
ad di tional in for ma tion. Each struc ture should be val i dated
be fore de po si tion. Co or di nates should be checked for for -
mat con sis tency and for qual ity of va lence ge om e try us ing
the Val i da tion server (http://de posit.pdb.org/val i date/).
Web server http://pdb-ex tract.rcsb.org/auto-check/ al lows
non-triv ial check ing of co or di nates ver sus x-ray dif frac tion 
data („struc ture fac tors“) us ing pro grams SFCheck,
REFMAC, and CNS. Cor rectly for mat ted co or di nates as
well as col lec tion and re fine ment sta tis tics should be pro -
duced by the pdb_ex tract tool ([1], http://pdb-ex -
tract.rcsb.org/) that al lows in te gra tion of re fine ment logs of 
most ma jor re fine ment pro grams into PDB and/or mmCIF
for mat and sig nif i cantly thus sim pli fies the de po si tion.
Iden tity of lig ands pres ent in the to-be-de pos ited struc ture
should be ver i fied us ing the ligand tool, cur rently at the
web for „Ligand De pot“ (http://ligand-de pot.rcsb.org/)
that al lows you to de ter mine whether your lig ands are cor -

rectly la beled, whether the right atom names were used,
and whether these lig ands are pos si bly new to the PDB. 

All the men tioned web pages have avail able ex ten sive
tu to ri als, many steps have con text-sensistive help and ex -
am ple pages and most of them are avail able as down load -
able ex e cut able files as well as source codes. 

The work shop will show de po si tion pro cess us ing ex -
am ple files, pos si bly from par tic i pants. 

Ac knowl edge ment
The PDB pro ject is funded by the Na tional Sci ence Foun -
da tion, the De part ment of En ergy, the Na tional In sti tute of
Gen eral Med i cal Sci ences, and the Na tional Li brary of
Med i cine. BS kindly ac knowl edges sup port by a grant
from the Min is try of Ed u ca tion of the Czech Re pub lic No.
LC512 for the Cen ter for Biomolecules and Com plex Mo -
lec u lar Sys tems. 
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SOME COMMERCIAL PROGRAMS FOR STRUCTURE  VISUALIZATION

R. Kužel

Charles University in Prague, Faculty of Mathematics nad Physics
Ke Karlovu 5, 121 16 Praha 2

Keywords:
mo lec u lar struc ture vi su al iza tion, crys tal struc ture vi su al -
iza tion

Ab stract
There are sev eral pro grams or soft ware pack ages avail able
for struc ture vi su al iza tion. A sur vey of some of them has
been pub lished in Ma te ri als Struc ture [1]. In this con tri bu -
tion, some com mer cial sys tems are men tioned. They usu -
ally in clude in ter ac tive graphics when the struc tures can be
eas ily ro tated and moved by mouse. There are many vi su al -
iza tion op tions of struc tures, calculation of bond lengths
and an gles and as a rule also cal cu la tions and vi su al iza tion
of pow der dif frac tion pat tern. Four sys tems are char ac ter -
ized in the re view - Crys tal Im pact soft ware, Crys tal
Maker, Crys tal Stu dio and Crystallographica in clud ing li -
cens ing op tions.

Crystal Impact software

Soft ware com pany Crys tal Im pact [2] dis trib utes mo lec u -
lar and crys tal struc ture vi su al iza tion soft ware Di a mond.
In ad di tion to struc tural pictures it also of fers an ex ten sive
set of func tions that let eas ily model any ar bi trary por tion
of a crys tal struc ture from a ba sic set of struc tural pa ram e -
ters (cell, space group, atomic po si tions). It sup ports both
crys tal and mo lec u lar struc tures (i.e. with and with out
translational sym me try). Each struc ture set can con tain:
atomic pa ram e ters, cell pa ram e ters and space-group (op -
tional), anisotropic dis place ment pa ram e ters, chem i cal and 
bib lio graphic data (au thor, ref er ence, da ta base or i gin, etc.). 
Sup ports mul ti ple struc ture pic tures for a struc ture data set.
It al lows im port ing of num ber of dif fer ent for mats (e.g.
CIF, SHELX, XYZ, CRYSTIN etc.). Struc ture pic tures
can be ex ported to 3D VRML and many graphical for mats
of 2D pic tures. Ba sic screen can be seen on Fig. 1.
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Fig ure 1. Ba sic screen of Di a mond soft ware
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at oms, built up from se lected ligand at oms, op tion ally
with trans par ent or hatched sur faces.

• Def i ni tion of (trans par ent) lat tice planes and (best)
planes or lines through se lected at oms. 

• Add ing of vec tors to at oms to in di cate e.g. a mag netic
mo ment.

• Gen er a tion of H-bonds.
• Al ter na tive color differentation to vi su al ize ox i da tion

num bers, site oc cu pa tion fac tors etc.

An i ma tion:

• Move ment of struc ture pic ture: Modes: ro ta tion along
x-, y-, and/or z-axis, hor i zon tal and/or ver ti cal shift
within draw ing area, vari a tion of en large ment fac tor
(from Angstroems to cen ti me ters), 

• va ri ati on of ca me ra distan ce (per specti ve im pres sion).
Con trolled by: Mou se (the fas ter the mou se the fas ter the 
ro tati on etc.), key bo ard (e.g. one de gree ro tati on per
key stroke), nu me ri cal ly (in put through di a log).

• Op ti o nal “Spin” functi on, i.e. ac ce le rati on of mo ve ment.
• Con tin u ous mo ve ment, which can be in terrup ted and

con ti nued.
• Walk-through mode, ena bling the ca me ra/viewer to na -

vi ga te through the structu re pictu re. 
• Re corder that helps to cre ate video se quences, e.g. as

AVI files.

Ex plo ra tion: 
• Cal cu la tion of pow der pat tern: Vari a tion of dif frac tion

pa ram e ters: Ra di a tion type: X-ray (lab o ra tory,
synchroton), neu tron, elec tron, wave length, LP cor rec -
tion, 2theta range, op tional pro file func tions -
pseudo-Voigt, width. Ta ble of re flec tion pa ram e ters

with zoom in/zoom out and track ing through 2q range,
see Fig. 5.

• Cal cu lati on of distan ces and an g les (incl. stan dard un -
cer tain ties): in a con fi gu ra ble ta ble, for se lec ted atom
types and a si ze a ble distan ces range, around the atom(s)
cur rent ly se lec ted in structu re pictu re, graphical re pre -
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Fig ure 4. Ren der ing with ex ter nal ray trac ing pro gram POVRay.

Fig ure 5. Dif frac tion pat tern win dow of Diamond



sen tati on of distan ces as his to gram with co lor-co -
ded distan ces.

• Me a su ring of distan ces, an g les, and tor si on an g les in -
teracti ve ly (incl. stan dard un cer tain ties). 

• Me a su ring of ex ten ded ge o met ric fe a tu res (incl. stan -
dard un cer ta in ties): An g le be tween two pla nes (by hkl or 
(best) pla ne through 3 or more atoms), an gle be tween
two li nes, an gle be tween a nor mal of a pla ne and a line,
distances of atoms from a pla ne or a line, cen t ro id of a set 
of atoms, pla nar ity or li nea ri ty of a set of atoms (distan -
ces of con sti tuent atoms from pla ne/line).

• New Pro per ties panel, dis plays in for mati on about: Con -
tents of the structu re pictu re (how many crea ted atoms,
bonds, po ly hed ra, etc.), the cur rent “for mu la sum”, that
me ans the num ber of crea ted atoms as so ci a ted to atom
groups, table of the cur rent ly se lec ted ob jects, distances
around the se lec ted atom(s), distan ces be tween the se -
lec ted atoms,  the cen ter of the se lec ted atoms (cen t ro id),
plana ri ty or li nea ri ty of the se lec ted atoms and the de vi -
ati ons of the atoms from that pla ne or line,  table of atoms 
as signed to the se lec ted atom of pa ra me ter list or se lec -
ted atom group, ta ble of bonds as signed to the se lec ted
bond group (i.e. atom group pair), ligand, edges, and

faces informations of the se lected poly he dra.

Price of sin gle ac a demic licence is 500 Euro, site licence
(one in sti tute or de part ment) 1000 Euro, cam pus licence
2000 Euro. 

Other use ful soft ware of fered by Crys tal Im pact is
Endeavour de signed for the so lu tion of crys tal struc tures
from pow der dif frac tion data. The con cept im plies a com -

bined global op ti mi za tion of the dif fer ence be tween the
cal cu lated and mea sured dif frac tion pat tern and of the po -
ten tial en ergy of the sys tem. 

Match! is an easy-to-use soft ware for phase iden ti fi ca -
tion from pow der dif frac tion data. It com pares the pow der
dif frac tion pat tern of your sam ple to a da ta base con tain ing
ref er ence pat terns in or der to iden tify the phases which are
pres ent. Both ICDD prod ucts can be used for da ta base
source. 

Pearson’s Crys tal Data is a new crystallographic da ta -
base (see also [3]). 
All the above Crys tal Im pact soft ware can be found on
demo CD dis trib uted for all the con fer ence participants.

Crystal Maker Software

Crys tal Maker soft ware is dis trib uted in two ver sions for
Mac an PC, re spec tively [3].

CrystalMaker vi su al iz ing soft ware for mo lec u lar and
crys tal struc tures is by fea tures sim i lar to Di a mond. The in -
ter ac tive graphics is sig nif i cantly faster on slower com put -
ers. It has the abil ity to dis play mas sive struc tures (up to 2
bil lion at oms). Bonds and poly he dra are au to mat i cally cal -
cu lated, with the op tion of bond dis tance out put and er ror
prop a ga tion, as well as di rect vi su al iza tion of clus ter shells
and coordination net works. 

In gen eral, the pro gram may have not all the pos si bil i -
ties of Di a mond but it seems to be very user-friendly and
nice to work with. Ev ery thing is smooth. Main win dow is
shown on Fig. 6. One can easily switched on/off in di vid ual
types of at oms from the pic ture and his tory of dif fer ent
views is quickly accesible.
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Fig ure 6. Main win dow of Crys tal Maker



CrystalMaker is shipped with over 600 struc tures files,
in clud ing the ma jor rock-form ing min er als plus im por tant
tech no log i cal phases such as zeolites, su per con duc tors and
or ganic mol e cules. Each file is fully-an no tated, with views
and model types care fully cho sen to high light the sa lient
struc tural fea tures, and ready for im me di ate dis play. An i -
ma tions can be saved as Quick Time mov ies. CrystalMaker 
pro vides photo-re al is tic graphics, in clud ing 3D ste reo
graphics (red/blue ste reo glasses in cluded with the pro -
gram pack age).

Dif frac tion pat terns are gen er ated by stand-alone pro -
gram CrystalDiffract that can be used un like Di a mond as a
sep a rate tool for sim u la tion of pow der pat terns. Crystal -
Diffract lets sim u late also pat terns for multi-phase mix ture; 
switch be tween X-ray or neu tron ra di a tion in clud ing
time-of-flight or en ergy scale; vi su al ize in ten si ties as
“films” or graphs (Fig. 7); choose dif fer ent dif frac tion
tech niques; in ter ac tively edit struc tural and ex per i men tal
pa ram e ters, and ex port de tailed dif frac tion in for ma tion.
For shape func tion pseudo-Voigt func tion is used. Con -
stant value of in stru men tal broad en ing can be given and in
sim ple way also size and strain broad en ing.

CrystalDiffract lets edit as pects of a se lected pat tern’s
un der ly ing crys tal’s struc ture, so one can de ter mine how
this af fects dif frac tion. You can edit lat tice pa ram e ters and
site oc cu pan cies and also omit sites from the dif frac tion
cal cu la tion. The Edit Crys tal sheet can be resized hor i zon -
tally and ver ti cally, in or der to show a range of sites and
their atomic dis place ment pa ram e ter data (Uij and Uiso). 

In Graph mode one can use the  Stack com mand to stack 
mul ti ple dif frac tion pat terns with out dan ger of over lap. For 
a com plex dif frac tion pat tern there may be many over lap -
ping peaks. The Over lay Peak Po si tions submenu al lows
you to iden tify the po si tions of in di vid ual dif frac tion

peaks. One can su per im pose a se ries of peak mark ers
show ing the peak cen tres, and their rel a tive in ten si ties.

Of course, very important fea ture is a pos si bil ity to
load ex per i men tal data (in xy for mat) and com pare them
with the sim u la tion. CrystalDiffract work well to gether
with CrystalMaker.

The third part of the soft ware pack age is SingleCrystal.
It lets sim u late elec tron dif frac tion pat terns, dis play sec -
tions of the re cip ro cal lat tice and work with ste reo graphic
pro jec tions. One can ma nip u late dif frac tion pat terns in real
time, chang ing the ori en ta tion of a crys tal, the scale or in -
ten sity sat u ra tion. It is pos si ble to mea sure in ten si ties, dis -
tances and an gles on screen. There is even a unique op tion
of vi su al iz ing the phases of dif fracted beams, via col -
our-coded dif frac tion spots. 

Ed u ca tional pric ing of the soft ware is the fol low ing:
sin gle licence - CrystalMaker  350 Euro, CrystalDiffract
150 Euro, SingleCrystal 99 Euro.
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Figure 7. Two win dows of CrystalDiffract - simulation of pow der dif frac tion pat tern ob tained by the de tec tor (top) and film re cord
(bot tom).

   Fig ure 8. Screen of the pro gram SingleCrystal.
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Crystallographica

The pack age is dis trib uted by Ox ford Cryosystems [4, 5]
and it in cludes struc ture and re cip ro cal lat tice dis play,
pow der sim u la tion, graph ing (in clud ing com mon x-ray
data for mats) and a unique crys tal lo graphic script ing lan -
guage, all sup ported nu mer ous ex am ple scripts and struc -
tures as well as free un lim ited tech ni cal sup port. 

Crystallographica is es sen tially a visu ali sa tion pro -
gram, con sist ing of a se ries of tools for set ting and dis play -
ing a mul ti tude of prop er ties of a crys tal struc ture. Some of
these tools are highly vi sual in na ture: the pro gram in cor -
po rates a struc ture draw ing pack age, re cip ro cal lat tice dis -
play and pow der pat tern sim u la tion. A set of dialogs al low
not only crys tal prop er ties to be set, but also pro vide quick
and easy methods for viewing crystal properties. 

All these fea tures are shared by the Lite and Full ver -
sions of Crystallographica. The Full ver sion adds a unique
crys tal lo graphic script ing lan guage based on pascal syn tax
which al lows a whole new level of flexiblity and power to
the pro gram. This lan guage is fully in te grated with the
other tools, and may be used for any thing from cal cu lat ing
sim ple prop er ties to cre at ing an i ma tions. Four typ i cal win -
dows are shown on Fig. 9.

In te grated crys tal struc ture draw ing pack age al lows a
num ber of views of the same struc ture or else comparison

of dif fer ent struc tures. Plots can be ex am ined us ing the
mouse and key board to ro tate and zoom the im age, or con -
trolled pre cisely from the In ter preter. 

VRML files can be ex ported, show ing crys tal struc ture
and in clud ing anisotropic dis place ment el lip soids, poly he -
dra and crys tal planes. 

In te grated viewer al lows the re cip ro cal lat tice to be dis -
played in a va ri ety of styles. View ing di rec tion may be syn -
chro nised with other such win dows and with structure
display. 

Flex i ble X-ray and neu tron pow der dif frac tion pat tern
sim u la tion in clud ing Rietveld-style con trol over peak
shape and width area available. Sim u lated pat tern may be
com pared with ex per i men tal data in the graph ing tool. Pro -
file and peak data may be ex ported to file. Script ing lan -
guage in cludes util i ties for com bin ing plots to form
multi-phase patterns or residuals. 

A set of sim ple and easy-to-use dialogs pro vides a pow -
er ful user in ter face to ac cess atom prop er ties, con tents of
asym met ric unit, cell pa ram e ters, bond lists, crys tal sym -
me try (via space group or list of gen er a tors), ra di a tion, re -
flec tion lists, pow der sim u la tion and VRML options. 

Pascal in ter preter sup portes vari ables, ar rays, re -
cords, sets, func tions and pro ce dures. Ex ten sions to core
Pascal in clude ex po nen tial op er a tor, dy namic siz ing of ar -
rays and en hanced string han dling. The in ter preter may be

Fig ure 9. Crystallographica win dows show ing in ter ac tive struc ture pic ture (top left), com mand line win dow of the scripting lan guage
(right top), part of dif frac tion pat tern (left bot tom) and re cip ro cal lat tice (right bot tom).



used in ter ac tively or called to run scripts contained in text
files. 

A li brary of sev eral hun dred crys tal lo graphic rou tines
cov er ing atom prop er ties, bond ing, cell pa ram e ters, sym -
me try, ra di a tion, re flec tions, pow der sim u la tion, crys tal
struc ture draw ing and graph plot ting.

User-scripted rou tines are eas ily in te grated, so that the
sys tem can be customised. 

A set of da ta bases hold ing in for ma tion on X-ray and
neu tron scat ter ing fac tors in clud ing dis per sion cor rec tions, 
ab sorp tion fac tors, X-ray wave lengths, bond ing ra dii, el e -
men tal prop er ties and space group symmetry. 

Ac a demic single user pack costs 500 GBP (lite ver sion
with out in ter preter - 250 GBP), teach ing pack - site licence
is for 1000 GBP.

Crys tal Studio

This is a soft ware by Aus tra lian CrystalSoft cor po ra tion
[6]. Apart from pro vid ing nor mal crys tal log ra phy functio -
nalities like 3D graphics etc. as other pack ages, Crys tal
Stu dio of fers am ple func tions for de fects like dis lo ca tions,
twin bound aries and stack ing faults, in ter faces and sur -
faces and two phase co her ent com bi na tions. It also cov ers
XRD, neu tron and elec tron dif frac tion sim u la tions and re -
cip ro cal lat tice. More over it es pe cially sim u lates the com -
bined zone axis dif frac tion pat terns for twins and two phase 
co her ent com bi na tions.

As in the pre ced ing pro grams dif fer ent vi su al iza tion
op tions are avail able:  ball and stick model, stick model,
space fill ing model, el lip soid and stick model, ball and
stick plus trans lu cent space fill ing model, mixed model,
rib bon model, per spec tive or or tho graphic pro jec tion. Vec -
tors can be added to the at oms.

Crys tal Stu dio is in te grated with a crys tal lo graphic da -
ta base. The da ta base con tains in for ma tion about all 530
space group spec i fi ca tions from var i ous ver sions of In ter -
na tional Ta bles for (X-Ray) Crys tal log ra phy, in for ma tion
on all el e ments in the Pe ri odic Ta ble in clud ing va lence, ra -
dii etc. and lat est data for atomic scat ter ing am pli tude and
Debye-Waller fac tors for dif frac tion cal cu la tions. The da -
ta base also in clude a crys tal struc ture da ta base and a
layer/clus ter da ta base. Non-stan dard space group spec i fi -
ca tions can be cre ated and added to the da ta base by user.
The 530 ex ist ing space group spec i fi ca tions can also be
mod i fied by us ers. Crys tal struc tures with out space group
spec i fi ca tions can also be cre ated, built and stored in the
da ta base.

The pro gram is dis trib uted in sev eral ver sions - Lite,
Stan dard, Pro fes sional, En ter prise with ac a demic pric ing
start ing from 450  to 1300 US$ for sin gle licence and 1900
US$ for 5 user site licence.

Ac knowl edge ment
This con tri bu tion was parially sup ported within the frame -
work of the pro gram MSM 0021620834 fi nanced by the
Min is try of Ed u ca tion of the Czech Re pub lic.

Re fe ren ces

1. M. Hu šák, Ma te ri als Structu re, 10, 1a (2003)  17.

2. http://www.crys ta lim pact.com/

3. R. Kužel, S. Da niš, Ma te ri als Structu re, v. 14 (2007).

3. http://www.crys tal ma ker.co.uk

4. http://www.ox ford cry o sys tems.co.uk/

5. http://www.crys tal lo gra phi ca.com/

6. http://www.crys tal soft corp.com

Ó Krystalografická spoleènost

116 R. Kužel

Fig ure 11. Vi su al iza tion of dis lo ca tion in the lat tice by
CrystalStudio.

Fig ure 10. Dif fer ent mod els for vi su al iza tion in
CrystalStudio.
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