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S1

FOX GRID – MULTI PC EXECUTION ACCELERATED VERSION OF THE FOX
SOFTWARE FOR POWDER DATA STRUCTURE SOLUTION

J. Rohlíèek, M. Hušák

 De part ment of Solid State Chem is try, In sti tute of Chem i cal Tech nol ogy, Prague,Technická 5, 
166 28 Prague 6, Czech Republic

rohlicej@vscht.cz

There ex ist a num ber of so phis ti cated and re ally fast meth -
ods for struc ture de ter mi na tion from pow der dif frac tion
data, but there are still a lot of sit u a tions for which non-suf -
fi cient com pu ta tional power is the bot tle neck. Typ i cal ex -
am ples of com pu ta tional heavy sit u a tions: mul ti ple

frag ments in the asym met ric unit cell, pre ferred ori en ta -
tion, flex i ble frag ment. We had tried to solve the per for -
mance prob lem by mod i fy ing the FOX [1] struc ture
so lu tion code for an au to matic multi PC par al lel run.
See page 83 for more.

S2

EX PAND ING FOX FOR MICROSTRUCTURE ANAL Y SIS

Z. Matìj*, L. Nichtová, 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, Ke
Karlovu 5, 121 16 Praha 2, Czech Re pub lic

e-mail*: matej@karlov.mff.cuni.cz

Pro gram FOX for struc ture so lu tion from pow der dif frac -
tion was ex tended by rou tines for x-ray microstructure
anal y sis of small-grain or de fect ma te ri als, thin films, or
strained and tex tured sam ples in dif fer ent dif frac tion ge -
om e tries. Gen eral in ter face for con vo lu tion of var i ous pro -
file broad en ing mod els was cre ated. It is pos si ble to han dle
both phys i cally rel e vant as same as phenomenological
broad en ing mod els. Sec ond part of ex ten sions in volves in -

ten sity cor rec tions for tex ture and ab sorp tion in lay ered
sam ples. Gen eral tex ture cal cu la tor can be used for other
pur poses such as pole fig ure sim u la tion. Pro gram was ap -
plied to strongly de formed metal (Cu) sam ples and to
nanocrystalline TiO2 pow ders and thin films.

Ex tended con tri bu tion sub mit ted for pub li ca tion in Ma te ri -
als Struc ture, no. 3.
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PAINTING COPPER-BASED PIGMENTS, THEIR CHEMISM AND DEGRADATION

S. Švarcová1, J. Schweigstillová2, E. Kotulanová1, P. Bezdièka1

1In sti tute of In or ganic Chem is try AS CR, v.v.i., ALMA lab o ra tory, 250 68 Husinec-Øež, Czech Re pub lic
2In sti tute of Rock Struc ture and Me chan ics AS CR, v.v.i., V Holešovièkách 41, 182 09 Praha 8, 

Czech Re pub lic
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The art ob jects with po rous na ture, such as wall paint ings
or sand stone stat ues, are of ten ex posed to at tack of salts
pres ent in sur round ing en vi ron ment which re sults in de te ri -
o ra tion of these art works. Crys tal liz ing salts may be lo -
cally con cen trated as ef flo res cence on the art work sur face
or as in vis i ble subflorescence in the subsurface bulk of the
po rous ma te ri als that causes me chan i cal dam ages of
artworks. Ad di tion ally, the pres ence of salts can also lead

to the de cay or al ter ation of pig ments ac com pa nied by a
change of the orig i nal col our [1, 2]. 

Be cause of their sen si tiv ity to mois ture and air pol lu -
tion, some pig ments were not rec om mended for us ing in
wall paint ings. How ever, we com monly find some of them
in real sam ples. Salts of cop per widely used as rel a tively
cheap blue and green pig ments are very good ex am ple.
Many cop per-based pig ments are ba sic salts that are
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metastable if the ac tiv ity of other ions changes dur ing wet -
ting the col our layer by salt so lu tion. Con ver sion to fur ther
salt can change the pig ment col our, but even this fact can -
not be eas ily re vealed by ex am i na tion of the art work in its
pres ent state. One of the rea sons is that it is not al ways pos -
si ble to dis tin guish orig i nal phases and the prod ucts of their 
salt at tack. Mal a chite, as well as ba sic cop per chlo rides,
atacamite and paratacamite, are some times sup posed to be
the deg ra da tion prod ucts of min eral pig ment az ur ite [3].
On the other hand, mal a chite, atacamite and paratacamite
were re ported also as used pig ments [4].  

We have in ves ti gated the com po si tion of real sam ples
as well as we have per formed sev eral types of model ex per -
i ments in or der to study the pos si ble in ter ac tion be tween
se lected pig ments and salt so lu tions. Cho sen salts ei ther
oc cur in the en vi ron ment (e.g. Na2SO4, CaSO4, NaCl,
NaNO3, Ca(NO3)2, urea) or their pres ence in an art work is
a re sult of some re storer ac tion (e.g. Chelatone III,
NaHCO3, (NH4Cl )2CO3) In the first type of ex per i ments
we mixed se lected cop per-based pig ments, i.e. az ur ite,
mal a chite and neu tral ver di gris, with a range of salt so lu -
tions and left them to re act for ca two months. The re ac tion
prod ucts were an a lyzed us ing pow der XRD. Si mul ta -
neously we painted az ur ite and mal a chite on the sur face of
build ing bricks ex per i men tal bod ies cov ered by trilaminar
plas ter pre pared ac cord ing the his tor i cal rec i pes. We used
both his tor i cal tech niques for paint ing, “secco” on dry
plas ter and “gen u ine fresco” on wet plas ter. In the case of
“secco” tech nique we ex posed ex per i men tal bod ies to se -
lected so lu tions that evap o rated through the po rous body

af fect ing fi nally the col our layer. Col our changes were
mon i tored and prod ucts of al ter ations were mea sured as
pow der us ing pow der X-ray dif frac tion in Bragg-Brentano
ge om e try and as frag ment of col our layer us ing pow der
X-ray mi cro-dif frac tion. In the case of “fresco” the both
painted sur faces got grey till the fol low ing day, thus we did
not per form fur ther ex per i ments. 

Pow der X-ray mi cro-dif frac tion could sig nif i cantly en -
hance the de tec tion of mi nor phases, as dem on strated in
Fig. 1. In this case the ex per i men tal body was painted by
mal a chite and ex posed to the so lu tion of NaHCO3, which
re sulted in com plete black en ing of the orig i nally green sur -
face. When the pow dered sam ple, scraped from the sur -
face, was mea sured us ing con ven tional XRD ex pected
tenorite (CuO) could be only poorly iden ti fied, whereas
when the frag ment of sur face layer was mea sured us ing
pow der XRD mi cro-dif frac tion the presence of tenorite
was more apparent.

1.  S.G. Schirripa & D. Paoletti, J. op tics-nou velle re vue d
optique, 70, (1996), 133.

2. B. Salvadori, V. Errico, M. Mauro, E. Melnik, L. Dei,
Spec tros copy let ters., 36, (2003), 501.

3. L. Dei, A. Ahle, P. Baglioni, D. Dini, E. Ferroni, Stud ies in 
Con ser va tion, 43, (1998a), 80.

4. D. Scott, Stud ies in Con ser va tion, 45, (2000), 39.

Ac knowl edge ments 

The au thors ap pre ci ate the Grant Agency of AS CR for the
fi nan cial sup port of the pro ject No. B400320602.

Fig ure 1. The com par i son of diffractograms mea sured in Bragg-Brentano and microdiffraction ge om e try on the cor roded mal a chite
model layer.
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COMPARISON OF RESULTS OF THE MICRODIFFRACTION AND
MACRODIFFRACTION OF FORENSIC SAMPLES MEASUREMENTS

I. Jebavá1, V. Goliáš1, M. Kotrlý2

1Univerzita Karlova v Praze, Pøírodovìdecká fakulta, Ústav geochemie, mineralogie a nerostných zdrojù,
Albertov 6, 128 43, Praha 2

2Kriminalistický ústav Praha PÈR, Bartolomìjská 10, 110 00, Praha 1
E-mail: Iva.Jebava@seznam.cz

The aim of this work was com par i son of microdiffraction
and clas sic Bragg-Brentano (“macrodiffraction”) in stru -
men ta tion of iden ti cal small-vol ume sam ples. The alu mina
(co run dum, SRM 676) stan dard and five real fo ren sic sam -
ples of un known com po si tion was stud ied us ing X´Pert
PRO (PANalytical) difractometer sys tem. Stan dard and all
of the sam ples sug gest better an gle res o lu tion (FWHM) in

Bragg-Brentano ge om e try than in microdiffraction. In case 
of real fo ren sic sam ples was the microdiffraction more
suit able, be cause it man age to iden tify more crystallic
phases, how ever at the price of time-con sum ing de lay.

Ex tended con tri bu tion sub mit ted for pub li ca tion in Ma te ri -
als Struc ture, no. 3.
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CONTRIBUTION TO THE CRYSTALLOGRAPHY OF Bi CHALCOGENIDES 

R. Pažout1, M. Dušek2 
1In sti tute of Chem i cal Tech nol ogy, Technická 5, Praha 6,166 28, Czech Re pub lic

2In sti tute of Phys ics, Na Slovance 2, 182 21 Praha 8, Czech Re pub lic 
rich ard.pazout@vscht.cz

Syn thetic and nat u ral chalcogenides are stud ied as per spec -
tive elec tri cal ma te ri als with in ter est ing semi-con duc tive
prop er ties. Struc ture of nat u ral phase AgPbSbBi2S6,
known as the min eral gustavite, has been solved and re -
fined to R value of 4.19. The crys tal struc ture of  dou -
ble-sub sti tuted gustavite was de ter mined on a sam ple from
hy dro ther mal veins of the Kutná Hora polymetallic de posit
ex tracted from pol ished sec tion pre-ana lysed on elec tron
microprobe with WDS de tec tion in or der to en sure ex act
and sin gle-phase com po si tion. Two kinds of sub sti tu tion

are pres ent in the sam ple: Ag+ + Bi3+ « 2 Pb2+ and Bi3+ «
Sb3+. The data were col lected on X-ray sin gle crys tal
diffractometer Xcalibur  (Ox ford Dif frac tion) with MoKá
ra di a tion and CCD de tec tor Sap phire 2. The in dex ation and 
data re duc tion was car ried out us ing pro gram Chrys a lis. In
or der to en able re li able re fine ment of crys tal shape a highly 
re dun dant data set was mea sured with av er age re dun dancy
7.6. Ab sorp tion cor rec tion of the strongly ab sorb ing sam -

ple (m = 54 mm-1) was then car ried out us ing a com bi na tion
of tools: re fine ment of face dis tances us ing pro gram
Crysalis, re fine ment of face dis tances and an gles with pro -
gram X-Shape and - fi nally - com bi na tion of the shape and
multi-scan ab sorp tion cor rec tion. Ini tial po si tional pa ram e -
ters were ob tained by charge flip ping method us ing the
pro gram Superflip [1], the re fine ment was car ried out in the 
pro gram Jana2006 [2]. In the first stage the sub struc ture
(char ac ter ized by strong to me dium-strong re flec tions in
the re cip ro cal lat tice) was re fined in the space group
Cmcm. The re fined atomic po si tions and dis place ment pa -
ram e ters were used as a start ing point  for the re fine ment of
the su per struc ture (char ac ter ized by weak to very weak re -

flec tions in the re cip ro cal lat tice) in the space group P21/c.
In the fi nal stages of re fine ment 58 pa ram e ters were re fined 
in clud ing oc cu pan cies us ing 1386 in de pend ent re flec tions,
yield ing R fac tors Robs = 4.19 for 366 non equiv a lent ob -

served re flec tions with I ³ 3s, Rwobs = 3.39, R(all) = 23.62, 
Rw(all) =  4.40, GOFobs = 1.77, GOF(all) = 1.11. Bond va lence
anal y sis car ried out us ing the pro gram Ivton [3] con firmed
that the atom with  bicapped trigonal co or di na tion is Pb, all
other sites be ing mixed and octahedrally co or di nated.

Nat u ral AgPbSbBi2S6 is known as the min eral gustavite 
of the lillianite ho mol o gous se ries with the com po si tion
4.02Gus107.7, Bi/(Bi+Sb) = 0.69, space group P21/c, a = 7.04

b = 19.436 c = 8.335 C, b = 107.12, Z = 4. The crys tal

Fig ure 1: Crys tal struc ture of  nat u ral AgPbSbBi2S6
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struc ture of gustavite has five cat ion sites: one Pb site, two
mixed Bi/Sb sites, two mixed Bi/Ag sites and seven sul -
phur po si tions. The struc ture is pre sented in Fig. 1. It con -
sists of lay ers of PbS-like (NaCl) slabs run ning di ag o nally
formed by four octahedra sep a rated by a layer of Pb at oms
in trigonal primatic co or di na tion on the plane of unit cell
twinning Trigonal pris matic site is fully oc cu pied by Pb,
the Bi-Sb and Ag-Bi sub sti tu tions oc cur in the oc ta he dral
sites in the cen tral and mar ginal por tion of the slabs, re -
spec tively.

1.    L. Pa lati nus, Pro gram Superflip,
http://superspace.epfl.ch/superflip/, 2007

2.    V Petøíèek, M. Dušek, L. Pa lati nus, JANA2006,. The
crys tal lo graphic com put ing sys tem. Institute of Phys -
ics,  Czech Re pub lic, 2006.

3.    T. Baliæ-Žuniæ, I. Vickoviæ, IVTON, a pro gram for the cal -
cu la tion of geo met ri cal as pects of crys tal struc tures and
some crys tal chem i cal ap pli ca tions. Geo log i cal In sti tute,
Uni ver sity of Co pen ha gen, Den mark, 1994.
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GLYCOSYLATION OF IGG-FC

P. Kolenko1,2, J. Dohnálek1, J. Dušková1, T. Skálová1, J. Hašek1

1In sti tute of Macromolecular Chem is try AS CR, v.v.i., Heyrovského nám.2, 162 00, Prague 6
2Dept.of Solid State Phys ics, FJFI, CTU, Trojanova 13, 120 00, Prague 2, kolenko@imc.cas.cz

The crystallisable frag ment (Fc) of an ti body (Ig) me di ates
the re sponse of the adap tive part of im mune sys tem. Ten
struc tures of IgG-Fc in non-liganded form were de pos ited
in the Pro tein Data Bank [1] up to now. Al though chem i cal
prop er ties and the struc ture of Fc were as sessed by many
phys i cal and chem i cal tech niques, some new de tails of the
oligosaccharide struc ture were known af ter eval u a tion of
the most re cently de pos ited struc ture [2] and our non-de -
pos ited struc ture [3].

Lo cal iza tion of fucose
In ter pre ta tion of sac cha rides in elec tron den sity maps is
dif fi cult. In spec tion of struc tures and elec tron den sity maps 
showed doubt ful struc ture re fine ment of fucose. All struc -
tures of Fc de pos ited by De cem ber 2006 con tained
beta-L-fucose. Low-res o lu tion struc tural data did not al low 
dis tin guish ing the proper glycoform, e.g. two of the struc -
tures with elec tron den sity maps are shown in Fig. 1.

In May 2007, the struc ture of non-liganded IgG1-Fc
with the high est res o lu tion of 2 C [2] was de pos ited in the
PDB. Our struc ture so lu tion of IgG2b-Fc was de scribed
two years ago [3]. The struc ture con tains al pha-L-fucose.
The ex per i men tal data (high res o lu tion limit lower than
2.2 C) al lowed lo cal iza tion of fucose with good agree ment
with elec tron den sity (Fig.2).

About 30 % of all PDB en tries con tain ing sac cha rides
have at least one er ror in glycan in ter pre ta tion [5]. The
glycosylation and qual ity of struc tures de pos ited in the
PDB will be dis cussed. 

1. H.M. Berman, J. West brook, Z. Feng, G. Gililand,
T.N. Bhat, H. Weissing, I.N. Shindyalov, P.E.
Bourne, Nu cleic Ac ids Re search, 28, 2000, 235-242.

2. S. Matsumiya, Y. Yamaguchi, J. Saito, M. Nagano, H.
Sasakawa, S. Otaki, M. Satoh, K. Shitara, K. Kato, Jour nal 
of Mo lec u lar Bi ol ogy, 368, 2007, 767.

3.  P. Kolenko, J. Dohnálek, R. Š•ouraèová, T. Skálová, G.
Tišèenko, J. Dušková, J. Hašek, Ma te ri als Struc ture, 12,
2005, 146.

4. W.L. DeLano, The PYMOL User’s Man ual, DeLano Sci en -
tific, San Carlos, CA, USA, 2002.

5. T. Lütteke, M. Frank, C-W. von der Lieth, Car bo hy drate
Re search, 339
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The pro ject is sup ported by the Min is try of Ed u ca tion,
Youth and Sports of the Czech Re pub lic (pro ject no.
1K05008) and by the pro ject “Spine 2 – Com plexes” of the
Eu ro pean Com mis sion (LSHG-CT-2006-031220).

Fig ure 1. Elec tron den sity map in sur round ings of fucose for struc -
tures: a) 1I1C, b) 1H3U. The fig ures were pre pared with Pymol [4].

Fig ure 2. Elec tron den sity map in sur round ings of fucose for
struc tures: a) 2DTQ, b) our struc ture. The elec tron den sity ob -
served in the lower left cor ner be longs to the con tin u a tion of the
oligosaccharide chains in both cases.
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THE INFLUENCE OF I47A MUTATION ON REDUCED SUSCEPTIBILITY TO THE 

PROTEASE INHIBITOR LOPINAVIR

Klára Šašková1,2, Milan Kožíšek1,2 , Jiøí Brynda1,4, Martin Lepšík1, Ladislav Machala3 and Jan
Konvalinka1,2*

1In sti tute of Or ganic Chem is try and Bio chem is try, Acad emy of Sci ences of the Czech Re pub lic, Flemingovo
n. 2, 16610 Praha 6, Czech Re pub lic 

2Dep. of Bio chem is try, School of Sci ence, Charles Uni ver sity, Hlavova 8, 128 43  Praha 2, Czech Re pub lic
3AIDS Cen ter at the Clinic of In fec tious Dis eases, Fac ulty Clinic Bulovka, Budinova 2, CZ-   12000 Praha 8,

Czech Re pub lic
4 In sti tute of Mo lec u lar Ge net ics, Acad emy of Sci ence of the Czech Re pub lic, Flemingovo   n.2, 166 10

Praha 6, Czech Re pub lic
*cor re spond ing au thor, E-mail: konval@uochb.cas.cz, fax: +420 220 183 578

The in tro duc tion of pro te ase in hib i tors (PI) in mid 90´s led
to de creased mor tal ity and pro longed life ex pec tancy of
HIV-pos i tive pa tients. How ever, the se lec tion pres sure of a 
virostatic leads to rapid se lec tion of vi ral vari ants re sis tant
to wards a spe cific in hib i tor. Dif fer ent PIs se lect dif fer ent
pat terns of mu ta tions. Lopinavir (LPV) is a sec ond gen er a -
tion PI that was ra tio nally de signed to in hibit resistnant PR
spe cies. Its re sis tance pro file has not been clearly de fined
yet. Mu ta tions at 11 amino acid po si tions in pro te ase (PR)
cod ing re gion were iden ti fied as as so ci ated with re duced
sus cep ti bil ity (lopinavir mu ta tion score). The higher  num -
ber of mu ta tions ac cu mu lated at these po si tions, the big ger
the re sis tance to LPV. How ever, in di vid ual mu ta tions re -
sult ing in LPV re sis tance are very rare. Re cently, mu ta tion
I47A has been iden ti fied to con fer high–level re sis tance.

In this work, we set to iden tify the rel a tive con tri bu tions 
of I47A mu ta tion and oth ers from the lopinavir mu ta tion
score. We de signed a panel of re sis tant PR spe cies con tain -
ing I47A sub sti tu tion in the backround of the wild–type PR 
and also in the backround of a highly re sis tant spec i men
from a pa tient. In di vid ual re com bi nant PRs were ex -
pressed, pu ri fied and char ac ter ized and their in hi bi tion pro -
files were ana lysed with a panel of PIs. The X-ray anal y sis
of the pro te ase con tain ing I47A mu ta tion in com plex of
LPV showed the loss of van der Waals in ter ac tions of
Ala47 with lopinavir phenoxyacetyl moi ety. Futhermore,
en ergy cal cu la tions con firmed weaker af fin ity of LPV and
the de crease of both elec tro static and van der Waals in ter -
ac tions.

S8

CRYSTALLOGRAPHIC STUDY OF ESCHERICHIA COLI FLAVOPROTEIN WRBA, A
NEW NAD(P)H-DEPENDENT QUINONE OXIDOREDUCTASE  

J. Wolfová1,2, J. Brynda1,3, J. R. Mesters4, J. Carey5, R. Grandori6, I. Kutá Smatanová1,2 
1In sti tute of Phys i cal Bi ol ogy, Uni ver sity of South Bo he mia Èeské Budìjovice, Zámek 136, 

CZ-373 33 Nové 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, Zámek

136,CZ-373 33 Nové Hrady, Czech Re pub lic
3In sti tute of Mo lec u lar Ge net ics, Acad emy of Sci ences of the Czech Re pub lic, Flemingovo nám. 2, CZ-16637 

Prague 6, Czech Re pub lic
4In sti tute of Bio chem is try, Cen ter for Struc tural and Cell Bi ol ogy in Med i cine, Uni ver sity of Lübeck,

Ratzeburger Allee 160, 23538 Lübeck, Ger many
5Chem is try Dep., Prince ton Uni ver sity, Wash ing ton Rd and Wil liam St, Prince ton, NJ 08544-1009, USA

6Dep. of Bio tech nol ogy and Bio sci ences, Univ.of Milano-Bicocca, Pi azza della Scienza 2, 20126 Mi lan, It aly
julinka.w@tiscali.cz

The flavoprotein WrbA from Esch e richia coli rep re sents a
new fam ily of multimeric flavodoxin-like pro teins im pli -
cated in cell pro tec tion against ox i da tive stress. The re -
cently re vealed NAD(P)H-de pend ent quinone oxido -
reductase ac tiv ity stim u lated de ter mi na tion of crys tal
struc tures of E. coli WrbA and the fol low ing search for
struc tural fea tures char ac ter is ing the new fam ily of re dox
ac tive pro teins.

Well-formed tetragonal crys tals of WrbA pro tein in
com plex with its co fac tor flavin mononucleotide (FMN)
were ob tained us ing stan dard va por-dif fu sion tech niques.
The diffracion data were col lected for two dif fer ent crys tal
forms and the X-ray crys tal struc tures have been de ter -
mined to a res o lu tion of 2.0 C and 2.6 C. 

Lower crystallizability ob served pre vi ously for E. coli
WrbA apoprotein (with out bound FMN) in di cates the pos i -
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tive in flu ence of FMN on crys tal li za tion of WrbA pro tein.
The sug gested ef fect for FMN in fa vour ing crys tal lat tice
for ma tion through the spe cific in ter ac tion with pro tein mo -
ti vated fur ther search for better crys tals of WrbA
apoprotein. Based on crys tal li za tion con di tions found for
WrbA-FMN com plex the dif frac tion-qual ity crys tals of
WrbA apoprotein were ob tained. De pend ence of
apoprotein crys tal growth on tem per a ture was ob served.
The crys tals dif fracted up to a res o lu tion of 1.85 C.           

This work is sup ported by the Min is try of Ed u ca tion of the
Czech Re pub lic (pro jects: Kontakt ME640, MSM6007665

808, LC06010) and by the Acad emy of Sci ences of the
Czech Re pub lic (AV0Z60870520). We are grate ful to the
staff of EMBL/DESY in Ham burg for the sup port dur ing
data col lec tion. Dif frac tion mea sure ments at the syn chro -
tron DESY/EMBL were sup ported of the Eu ro pean Com -
mu nity, Re search In fra struc ture Ac tion un der the FP6
“Struc tur ing the Eu ro pean Re search Area Spe cific
Programme” to the EMBL Ham burg Out sta tion, Con tract
Num ber RII3-CT-2004-506008.

Ex tended con tri bu tion sub mit ted for pub li ca tion in Ma te ri -
als Struc ture, no. 3.

S9

STRUCTURAL AND FUNCTIONAL STUDIES OF HIGHER PLANTS PHOTOSYSTEM II

Tatyana Prudnikova1, Michal Kutý1,2, José A. Gavira3, Pe ter Palenèár1, František Vácha1,5,
Pavlína Øezáèová4, Juan M. García-Ruiz3 and Ivana Kutá Smatanová1,2 

1In sti tute of Phys i cal Bi ol ogy USB CB, Zamek 136, 373 33 Nove Hrady, Czech Re pub lic
2In sti tute of Sys tems Bi ol ogy and Ecol ogy AS CR Zamek 136, 373 33 Nove Hrady, Czech Re pub lic
3Laboratorio de Estudios Cristalografico, Edf. Lopez Neira, P.T. Ciencias de la Salud, Avenida del

Conocimiento, s/n, 18100 Armilla, Granada, Spain
4In sti tute of Mo lec u lar Ge net ics AS CR, Flemingovo n. 2, 16637 Prague, Czech Re pub lic, cur rent ad dress: 

Dep. Bio chem is try, UT South west ern Med i cal Cen ter, 5323 Harry Hines Bou le vard, Dal las, Texas
75390-8816

5Bi o log i cal Cen tre IPMB AS CR, Branisovska 31, 370 05 Ceske Budejovice, Czech Re pub lic

Crys tal li za tion of macromolecular com plexes such as
dimeric core com plex of Photosystem II (OEC PSII) from
Pisum sativum is in flu enced by many pa ram e ters: pu rity of
sam ple, ho mo ge ne ity, ca pa bil ity to form crys tals, etc. Ten -
dency to pro duce suit able crys tals for dif frac tion mea sure -
ment can be op ti mized by com bi na tion of us ing dif fer ent
crys tal li za tion tech niques and other physicochemical pa -
ram e ters (precipitants, ad di tives, pH, etc.) in flu enc ing
crys tal li za tion [1, 2].

Us ing coun ter-dif fu sion method and com mon va por
dif fu sion tech niques we have tested the in flu ence of sev -
eral salt ad di tives from Hampton Re search screen ing test
(Fe, Ca, Ba, Mg, Ca, Mn, Cd, Cu, Co, Cs, Zn, Y, Ni and Sr), 

de ter gents (b-DM, C12E8), buff ers with dif fer ent pH (MES, 
HEPES, Tris, KH2PO4, pH 6.0-8.0), and cryoprotectants
(PEG with sev eral mo lec u lar weight, glyc erol, MPD) to
find suit able con di tions to pro duce sin gle crys tals of dif -
frac tion qual ity. Crys tals of hex ag o nal shape and nee dles
ob tained from dif fer ent con di tions will be mea sured at the 
synchrotrons DESY, Ham burg (Ger many) or ESRF,
Grenoble (France).  

For com pu ta tional part of our work in ter ac tion en er gies 
were cal cu lated by two ways, the point di pole [4] and also
point monopole [5] method. The val ues of in ter ac tion en er -
gies be tween tran si tion monopoles, ob tained by the point
monopole method are gen er ally more pre cise. Mod i fi ca -
tion of in di vid ual tran si tion en er gies of pig ments by
so-called electrochromic shifts caused by re duced
pheophytin of the D1 branch (Pheo-D1) gave us re al is tic
light-adapted ab sorp tion spec tra of PSII RC. 

We have ob tained the tem per a ture de pend ence of the
light-in duced dif fer ence spec trum un der pri mary ac cep tor

re duc tion. Al most iden ti cal dif fer ences in in ten si ties of
298K and 77K-cal cu lated and 277K and 77K-ex per i men tal 
dif fer ence ab sorp tion spec tra clearly sup ported ear lier as -
sump tions [3]. If the mol e cule of Pheo-D1  is a part of the
multimer in ter ac tion, its re duc tion would lead to a change
in the exciton in ter ac tion and con se quently to a change in
the op ti cal ab sorp tion spec trum. Since the pro cess of
exciton in ter ac tion is not de pend ent on tem per a ture and the 
Pheo-D1reduction does not cause any change in the low
tem per a ture CD spec trum, we sup pose that the Pheo-D1
mol e cule is not cou pled in the multimer.

1. K.N. Ferreira, T.M. Iverson, K. Maghlaoui, J. Bar ber, S.
Iwata:  Sci ence, 303 (2004) 1831-1838.

2. I. Kuta Smatanova, J.A. Gavira, P. Rezacova, F. Vacha,
J.M. Gar cia-Ruiz: Acta Cryst., A61 (2005) 147.

3. F. Vácha, J. Pšenèík, M. Kutý, M. Durchan and P. Šiffel:
Pho to syn the sis Re search, 84 (2005) 297.

4. V.I. Prokhorenko, D.B. Steensgaard, A.R. Holzwarth: Bio -
phys i cal Jour nal, 85 (2003) 3173-3186.

5. J. C. Chang: Chem. Phys., 67 (1977) 3901-3909.

This work is sup ported by grants NSM6007665808 and
LC06010 of the Min is try of Ed u ca tion of Czech Re pub lic
and In sti tu tional re search con cept AVOZ60870520 of
Acad emy of Sci ence of Czech Re pub lic.
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CRYSTALLIZATION OF THREE MUTANTS DERIVED FROM HALOALKANE
DEHALOGENASE DHAA OF Rhodococcus rhodochrous NCIMB 13064

Alena Stsiapanava1, Tana Koudelakova3, Lucie Grodecka3
,
 Jiri Damborsky3, and Ivana Kuta

Smatanova1,2

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

3Loschmidt Lab o ra to ries, Fac ulty of Sci ence, Masaryk Uni ver sity, Kamenice 5/A4, 
62500 Brno, Czech Re pub lic

stepanova@greentech.cz

Mi cro bial growth on halogenated sub strates re quires the
pro duc tion of catabolitic en zymes that cleave car bon-halo -
gen bonds. Such en zymes are com monly called
dehalogenases [1]. Haloalkane dehalogenases (EC 3.8.1.5) 

are en zymes that be long to the a/b-hydrolase fold
superfamily [2]. These mi cro bial en zymes cat a lyze the hy -
dro ly sis of haloalkanes to the cor re spond ing al co hol, ha -
lide, and a hy dro gen ion. From this point of view
haloalkane dehalogenases are prom is ing bioremediation
and biocatalytic agents [3]. 

Wild-type DhaA was iso lated from bac te rium
Rhodococcus rhodochrous NCIMB 13064 [4]. De rived
mu tant en zymes DhaA04, DhaA14 and DhaA15 were con -
structed to re veal im por tance of prod uct trans port ing path -
ways (tun nels) in DhaA for its en zy matic ac tiv ity. Our
pro ject is aimed to pro duce crys tals of haloalkane
dehalogenases DhaA04, DhaA14 and DhaA15 pu ri fied
mu tants in ef fi cient qual ity for dif frac tion ex per i ments and
fi nally com pare re sults with known struc ture of wild-type
DhaA [3].

Stan dard va por dif fu sion tech nique has been used for
search ing and op ti mi za tion of crys tal li za tion con di tions.
Crys tal li za tion ex per i ments have been per formed in
Hampton Re search Linbro and Cryschem plates (Hampton
Re search, CA, USA) as well as in Em er ald BioStructures
CombiClover Crys tal li za tion Plate (EBS plate, Em er ald
BioStructures, WA, USA) us ing com mer cial crys tal li za -

tion kits such as Crys tal Screen Lite and Crys tal Screen of
Hampton Re search, and Clear Strat egy Screen 1 of Mo lec -
u lar Di men sions Lim ited (MDL, Suf folk, UK) and also us -
ing home-made so lu tions. 

Crystallization ex per i ments with all en zyme mu tants
are in the prog ress. 

1. Dick B Janssen, Frens Pries, and Jan R. van der Ploeg: Ge -
net ics and bio chem is try of  dehalogenating en zymes. Mi -
cro bi ol ogy, 48 (1994) 163-191.

2. Dick B Janssen: Evolv ing Haloalkane Dehalogenases. Cur -
rent Opin ion in Chem i cal Bi ol ogy, 8 (2004) 150-159 

3. Janet Newman, Thomas S. Peat, Ruth  Rich ard, Lynn Kan,
Paul E. Swanson, Jo seph A. Affholter, Ian H. Holmes, John 
F. Schindler, Clif ford J. Unkefer and Thomas C.
Terwilliger: Haloalkane Dehalogenases: Struc ture of a
Rhodococcus En zyme. Bio chem is try, 38 (1999)
16105-16114.

4. Anna N. Kulakova, Mi chael J. Larkin and Leonid A.
Kulakov: The plasmid-lo cated haloalkane dehalogenase
gene from Rhodococcus rhodochrous NCIMB 13064. Mi -
cro bi ol ogy, 143 (1997) 109–115.

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).
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REAL STRUCTURE DEPTH PROFILE OF SHOT-PEENED SURFACE OF A
CORROSION-RESISTANT STEEL

J. Drahokoupil1,2, N. Ganev1, M. Èeròanský2, M. Stranyánek2,3, R. Ètvrtlík2,3

1Fac ulty of Nu clear Sci ences and Phys i cal En gi neer ing, Czech Tech ni cal Uni ver sity, Trojanova 13,120 00
Praha 2, Czech Re pub lic

2In sti tu te of Phy s ics of the ASCR, v.v.i., Na Slo van ce 2, 182 21 Pra ha 8, Czech Re pub lic
3Joint La bo ra to ry of Op tics of Pa lac ky Uni ver si ty and In sti tu te of Phy s ics of the ASCR, v.v.i., 17. lis to pa du

50, 772 07 Olo mouc, Czech Republic.
jandrahokoupil@seznam.cz

The main goal of this pa per is to char ac ter ize sur face lay ers
of cor ro sion-re sis tant steel af fected by shot peening. Sev -
eral ex per i men tal meth ods were used for in ves ti ga tion of
sam ples pre pared by us ing two dif fer ent lev els of shot
peening in ten sity.  X-ray dif frac tion was ap plied as a main
tech nique for par ti cle size, mi cro scopic and mac ro scopic
re sid ual stress de ter mi na tion. Com bi na tion of X-ray dif -
frac tion with elec tro lytic pol ish ing en ables to study the
depth pro file of afore said quan ti ties. Nanoindentation and
op ti cal mi cros copy were also ap plied on pol ished cross
sec tions of the sam ples. It was ob served that more in ten -
sively shot-peened sam ple dif fers from the lesser in ten -
sively one mainly in the wide of af fected zone, which was
ca. 0.4 mm and ca. 0.2 mm re spec tively. Sig nif i cant cor re -
la tion was ob served be tween the depth pro files of mac ro -
scopic re sid ual stress and par ti cle size. No change in phase
con tent due to sur face treat ing was found. 

The ob tained depth pro files of re sid ual stresses are
plot ted in Fig. 1. The lesser in ten sively shot-peened sam ple 
is marked as C11, the more in ten sively one as C13. A mi -
cro graph of the cross sec tion pre pared from the sam ple C11
is shown in Fig.2. Black tri an gles are re sid ual nano -
indentation impressions. The re search was sup ported by the Pro ject ¹ 106/07/0805

of the Czech Sci ence Foun da tion and by COST 532 ac tion,
pro ject No. OC095 and COST 533 ac tion, pro ject No.
OC097 of the Min is try of Ed u ca tion, Youth and Sport of the 
Czech Re pub lic, and by Pro ject MSM 6840770021 of the
Min is try of Ed u ca tion, Youth and Sport of the Czech Re -

pub lic.

Ex tended con tri bu tion sub mit ted for pub li ca tion in Ma te ri -
als Struc ture, no. 3.

Figure 2. Sam ple C11, zoom 50x
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 Fig ure. 1. The depth pro file of mi cro and macro stresses for two   
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X-RAY DIFFRACTION STUDY OF DISTRIBUTION OF MACROSCOPIC RESIDUAL
STRESSES IN SURFACE LAYERS OF STEELS AFTER GRINDING

Z. Pala1, N. Ganev1, J. Jersák2 
1De 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
2De part ment of Ma chin ing and As sem bly, Fac ulty of Me chan i cal En gi neer ing, Tech ni cal Uni ver sity in

Liberec, Hálkova 6, 461 17 Liberec 1
zdenekpala@seznam.cz

The fo cus of this con tri bu tion is anal y sis of the state of re -
sid ual stress in sur face lay ers of ground bear ing steel
(ÈSN41 4220) and stain less steel (ÈSN41 7135). The in -
flu ence of var i ous cool ants on mac ro scopic re sid ual stress
was in ves ti gated. Three forms of cool ing were ap plied: dry
grind ing, liq uid cool ant and flow of cold air from a
Ranque-Hilsch vor tex tube. The sur faces of the sam ples
were ana lysed by X-ray dif frac tion tech nique in six az i -
muths in or der to ac quire com plete strain ten sors. Since

2q211-vs.-sin2y dependences in grind ing di rec tion are
non-lin ear and ex hibit psi split ting, the method pro posed
by Dölle and Hauk [1] was used to eval u ate ten sors of
anisotropic trialxial state of re sid ual stress. 

The ef fec tive pen e tra tion depth of CrKá X-ray ra di a tion

into fer rous ma te ri als for sin2y = 0,4 is ap prox i mately 4 mm 
and there fore re moval of sur face lay ers is a ne ces sity in or -
der to pin point the dis tri bu tion of re sid ual stresses be neath
the sur face. The im pact of ma te rial re moval should cause
min i mal or ne glect ing me chan i cal and ther mal dis tor tions
to the in ves ti gated state of stress. Elec tro-chem i cal pol ish -
ing, which was used, is ac knowl edged as the most ap pro -
pri ate tool [2]. 
See page 78 for full pa per.

S13

NEW NEUTRON POWDER DIFFRACTOMETER IN NPI ØEž.

A. V. Chichev

Nu clear Phys ics In sti tute of ASCR, CZ - 250 68 Øež, Czech Re pub lic
chichev@ujf.cas.cz

The new neu tron pow der diffractometer has been de signed
as a rather uni ver sal ex per i men tal tool for in ves ti ga tion of
crys tal and mag netic struc tures, phase tran si tions and tex -
tures in wide tem per a ture range and/or upon ex ter nal me -
chan i cal load ing. 

The Monte Carlo sim u la tion soft ware RESTRAX was
used for its con struc tion de sign and op ti mi za tion. The
diffractometer is sup posed to op er ate at con stant take-off

an gle of 70 deg, me dium res o lu tion of about 5*10-3 (Dd/d )
and sev eral wave lengths: 2.074 C (Cu200), 2.208 C
(Si220), 1.272 C (Si422).

The in stru ment is be ing in stalled at the 6th neu tron hor i zon -
tal chan nel of the LVR-15 re search re ac tor in Øež. The
diffractometer is equipped with three mono chro ma tors eas -
ily ex change able ac cord ing to the ex per i men tal re quire -
ments. The He3 multidetector sys tem is sup posed to col lect
neu tron pow der dif frac tion spec tra with good res o lu tion in
a rea son ably short time. The fa cil ity will be equipped with
a va ri ety of sam ple en vi ron ments, such as a fur nace, close
cy cle cryostat, tex ture goniometer, and deformation testing 
machine.
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IN SITU NEUTRON DIFFRACTION STUDIES OF THE MICROSTRUCTURE RESPONSE 
OF THE PLAIN FERRITIC STEEL ON TENSILE STRAINING

V. Davydov1,2

1Nu clear Phys ics In sti tute, 250 68 Øež, Czech Re pub lic
2Fac ulty of Nu clear Sci ences and Phys i cal En gi neer ing, Czech Tech ni cal Uni ver sity in Prague, Bøehová 7,

115 19 Prague, Czech Re pub lic

Pres ent neu tron dif frac tion study is aimed on in ves ti ga -
tion of the re sponse of se lected lat tice plains in the
polycrystalline ma te rial in situ upon ten sile load ing. For
this pur pose, the 0.1C-0.4Mn con struc tion steel was se -
lected as a sim ple model ma te rial. The ten sile de for ma tion
test was per formed in the in cre men tal mode in which each
in di vid ual de for ma tion step was fol lowed by un load ing.
The neu tron dif frac tion spec tra were col lected both upon
load ing and un load ing and be hav ior of the dif frac tion pro -
files in elas tic as well as in plas tic re gion of the de for ma tion 
curve was ex am ined in de tail. 

Whereas the be hav ior of the lat tice strains dur ing
strain ing and evo lu tion of the re sid ual inter gra nu lar strains
(stress type I) have been al ready de scribed in other pa pers,
the pres ent work fo cused mainly on pro file broad en ing ef -
fects mea sured in the same de for ma tion re gime. The es ti -
mate of microstress (root mean square stress) evo lu tion
was done by us ing the sin gle-line pro file anal y sis method.

Com par i son of microstress val ues in loaded/un loaded state
and in elas tic and plas tic re gion of fers in ter est ing pos si bil -
ity to sep a rate the con tri bu tion of the type II and type III
microstresses.

The mod i fi ca tion of the TMF [1] method de vel oped for
eval u a tion of the sin gle-line dif frac tion pro files from
high-res o lu tion neu tron pow der diffractometers is pro -
posed. More so phis ti cated real space model [2] is used for
the dis tor tion and crys tal lite size broad en ing of the dif frac -
tion lines.

1.  P. Strunz, P. Lukas, D. Neov, J. of Neutr. Res., 9 (2001)
99-106.

2. G. Ribarik, T. Ungar, J. Gubicza, J. Appl. Cryst., 34 (2001) 

669-676.

This work is sup ported by the Min is try of Ed u ca tion of
Czech Re pub lic (MSMT 2486 G1).
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MICROSTRUCTURAL STUDIES OF MATERIALS PREPARED BY SEVERE PLASTIC
DEFORMATION

V. Cherkaska1, R. Kužel1, Z. Matìj1, M. Janeèek2,  J. Èížek3, M. Dopita1,4

1De part ment of Con densed Mat ter Phys ics, 2De part ment of Phys ics of Ma te ri als, 3De part ment of Low Tem -
per a ture Physics, 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
4TU Bergakademie Freiberg, In sti tute of Ma te ri als Sci ence, Gustav Zeuner Str 5, D-09599 Freiberg, 

Ger many

Se vere plas tic de for ma tion (SPD) is an ef fec tive tool for
pro duc tion of com pact sub-microcrystalline (SMC), ma te -
ri als of high pu rity and no re sid ual po ros ity. In prin ci ple,
there are two ba sic tech niques – equal chan nel an gu lar
press ing (ECAP) and high-pres sure tor sion (HPT) [e.g. 1].
In pres ent work, sam ples pre pared by both tech niques were 
stud ied. Se lected sam ples were pure cop per and cop per
with ad di tions of dif fer ent amounts of Al2O3 and Zr, re -
spec tively. The com pos ites are pre pared in or der to sta bi -
lize the fine microstructure to higher tem per a tures since
recrystallization tem per a ture of pure cop per is rather low.

The sam ples were stud ied by X-ray pow der dif frac tion
(PXRD), trans mis sion elec tron mi cros copy (TEM), pos i -
tron life-time spec tros copy and elec tron back-scat tered dif -
frac tion (EBSD). Con ven tional pow der dif frac tion was
per formed mainly with the aid of Seifert-FPM
diffractometer XRD7 and also with Panalytical sys tem

X’Pert Pro by us ing vari able di ver gence slits for keep ing
the ir ra di ated area fixed and en hance ment of high-an gle
dif frac tion peaks. The eval u a tion con sisted mainly in the
line pro file anal y sis for the es ti ma tion of dis lo ca tion den -
sity and crys tal lite size. In ad di tion, com plete tex ture mea -
sure ment was done with Panalytical MRD diffractometer
equipped with the Eulerian cra dle and polycapillary in the
pri mary beam.

Line broad en ing anal y sis showed that the HPT sam ples
(6 GPa, 7 ro ta tions) have smaller crys tal lite size com pare to 
the ECAP sam ples, the dis lo ca tion den si ties are sim i lar – of 
the or der of 1×1015 m-2. There are only small changes in the
mean dis lo ca tion den sity with the in creas ing num ber of
passes for ECAP (Fig. 1). This fact is well con firmed also
by pos i tron an ni hi la tion.  How ever, the changes are vis i ble
in TEM pic tures. Af ter the first pass, the dis lo ca tion cells
strongly elon gated along {111} planes can be seen. Their
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av er age size is about 350 nm. Grain bound aries are mainly
low-an gle. Af ter the sec ond pass the microstructure is not
much changed but the grain size is slightly re duced. Af ter
the fourth pass, the frac tion of equiaxed subgrains in -
creased and the larger pro por tion of high an gle grain
bound aries was ob served. Equiaxed grain struc ture was
found in about 50 % of the ob served area. This is and in di -
ca tion that many new slip sys tems which are not par al lel to
the orig i nal slip sys tem be came ac tive. Af ter eight passes
al most ho mo ge neous microstructure with equiaxed
subgrains sep a rated by mostly high-an gle grain bound aries 
was ob served.

Pole fig ures ob tained from HPT and ECAP are clearly
dif fer ent. The HPT sam ples usu ally don’t have very strong
tex tures. They are al ways of fi ber type. In sev eral sam ples
two com po nents - (111) and (100) were found. ECAP sam -
ples have quite com pli cated tex tures that are chang ing with 
num ber and type of passes. The mea sure ments were per -
formed in the plane transversal to the di rec tion of press ing.
For one pass, they are in very good agree ment with the
mea sure ments and sim u la tion in [2]. The dom i nant com po -
nent is (111) slightly in clined to the sur face. With in creas -
ing num ber of passes more com po nents ap pear and they are 
broader. Af ter 8 passes, the (110) com po nent is the stron -
gest one. It seems that in sam ples with zir co nium the tex -
ture com po nents are a lit tle sharper.

The above find ings were more or less con firmed by the
EBSD anal y sis (Fig. 2). The anal y sis of the de formed and
recrystallized parts in di cate changes from de formed part
af ter one pass to about 70% recrystallized frac tion af ter
four and eight passes. These changes are not well vis i ble in
XRD pro files since the crys tal lite size in the range above
200 nm is al ready on the limit of sen si tiv ity of the con ven -
tional pow der dif frac tion..

1.  R. Z. Valiev, I. V. Alexandrov, R. K. Islamgaliev. Pro -
cess ing and prop er ties of nanostructured ma te ri als pre pared 
by se vere plas tic de for ma tion. Nanostruct. Ma ter.: Sci.
Technol. ed. Chow G.M., Noskova N.I. – NATO ASI:
Kluwer Pub li ca tion. – 1998. – P. 121-143.

2. S. Lia, I. J. Beyerleinb, M.A.M. Bourke, Mat. Sci. Eng.
A394 (2005) 66-77.

The work is a part of the re search pro gram MSM
0021620834 and also par tially sup ported by the Czech
Acad emy of Sci ences un der the num ber KAN400720701.
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Figure 1.  WH plots for the mea sured transversal di rec tion of Cu
sam ples, pre pared with dif fer ent num ber of ECAP passes: �, �
– 1 pass; ¢, £ – 2 passes; ¿, ¯ – 4 passes; p, r – 8 passes
show ing good agree ment of ex per i men tal (full sym bols) and cal -
cu lated (empty sym bols) data. The cal cu lated data are ob tained
by as sum ing com mon  dis lo ca tion model for f.c.c. structures.

Fig ure 2. Com par i son of pole fig ures ob tained (111) - top and (100) - bottom by
XRD (left col umn) and EBSD (right col umn) for Cu pro cessed with 1 ECAP pass.
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X-RAY DIFFRACTION ANALYSIS OF HEAT-AFFECTED PARTICLES OF TOOL STEEL 
CH3F12 POWDER

R. Cízlová, M. Kusý

Slo vak Uni ver sity of Tech nol ogy, Fac ulty of Ma te ri als Sci ence and Tech nol ogy, In sti tute of Ma te ri als Sci -
ence, J. Bottu 23, 917 24 Trnava, Slo vak Re pub lic

romca82@post.sk, mar tin.kusy@stuba.sk

The in ves ti gated tool steel Ch3F12 be longs to the group of
tool steels of ledeburte type. This steel is pro duced by pow -
der met al lurgy e.g. rapid so lid i fi ca tion (gas atomisation)
usu ally. Pow der met al lurgy be longs to ef fec tive pro cesses
of steel pro duc tion. High qual ity of prod ucts (ho mo ge -
neous struc ture, liquation is sup pressed) is ob tained by PM. 
At the same time good me chan i cal, tech no log i cal and util -
ity prop er ties, which are re quired from the tool ma te ri als,
are reached. Ma te ri als do not so lid ify ac cord ing to equi lib -
rium phase di a gram dur ing rapid so lid i fi ca tion. It re sults in
fi nal microstructure of el e ments com posed of var i ous
metastable phases de pend ing on the size of undercooling
and on con di tion of heat dis si pa tion through the sur face of
so lid i fy ing drop let. As-cast rap idly so lid i fied (RS) par ti -
cles of Ch3F12 al loy typ i cally con sist of metastable aus ten -

ite and other metastable phases [1]. One of the ef fects of the 
rapid so lid i fi ca tion is aus ten ite supersaturation with car bon 
and al loy ing el e ments. Af ter rapid so lid i fi ca tion and fol -
low ing ther mal ex po si tion e.g. (upon the pro cess of com -
pac tion or heat treat ment) the phase trans for ma tion of this
aus ten ite oc curs and causes a change of ma te ri als prop er -
ties. There fore, the aim of this anal y sis was to de ter mine
the phase quan tity us ing X-ray dif frac tion anal y sis. Anal y -
sis re vealed the change of the quan tity of metastable aus -
ten ite de pend ing on the tem per a ture of heat-treat ment of
RS pow der par ti cles in com par i son with the phase con sti tu -
tion in as-cast state. Fur ther more, re sults show tem per a ture
de pend ence of cell pa ram e ters, size of crys tal lites and crys -
tal strain of RS pow der particles.

The ex per i ment com prised of an neal ing the ex per i men -
tal ma te ri als at fol low ing tem per a ture 300, 400, 500, 540,

560, 580, 600, 650 and 700 °C. The sec ond step was quan -
ti ta tive X-ray dif frac tion phase anal y sis, which was per -
formed us ing pro gram MAUD (Microstructural Analysis

Using Diffraction) uti liz ing the Rietveld method [2]. The
change of unit cell pa ram e ters, size of crys tal lites and crys -
tal strain of RS pow der par ti cles were eval u ated in de pend -
ence on the an neal ing tem per a ture. Me chan i cal prop er ties
of pow der par ti cles were re vealed with the micro hard ness
mea sure ments.

Anal y sis showed that ther mal ex po si tion of RS par ti -
cles of Ch3F12 al loy trig ger change of the aus ten ite rich in
car bon to the fer rite. Si mul ta neously, the car bide phases
are pre cip i tated. This pro cess ap pears ei ther upon the cool -
ing from the tem per a ture of ther mal ex po si tion or at ther -
mal ex po si tion tem per a ture. The trans for ma tion from

aus ten ite to fer rite was ob served to start at 400 °C and fin -

ish at 560 °C. Be tween 400 °C and 500 °C the car bide
phases was pre cip i tated in the form of the fine pre cip i tates.

Over 500 °C the quan tity of Cr7C3 be comes high est con -

trib ut ing to the max i mum micro hard ness. Above 540 °C
the phases Cr7C3 and Cr23C6 coarsen, there fore the
microhardnes de creased. This be hav ior is also con nected

to gether with the fact that from 560 °C the sam ple does not

con tain lon ger pre cip i tate hard ened aus ten ite [3]. Anal y sis
fur ther showed that trans for ma tion from aus ten ite to fer rite 
is con nected with the change of lat tice pa ram e ters, crys tal -
lites and microstrain. Quan ti ties of phases in de pend ence
on the an neal ing tem per a ture are dis played in Fig.1. The
Fig. 2 and 3 shows dif fer ence in dif frac tion pat terns and
phase quan ti ties. Data in Fig. 2 rep re sents the pow der par ti -
cles in as - cast state where the pow der con tains 68 vol.% of 
aus ten ite, 23 vol.% V4C3, 6 vol.% fer rite and 3 vol.% of mi -
nor phases. Dif frac tion pat tern in Fig. 3 were taken at room

tem per a ture from the sam ple an nealed at 540 °C, which
con tained 10 vol.% aus ten ite, 22 vol.% V4C3, 62 vol.% fer -
rite, 4 vol.% Cr7C3 and 1,5 % Cr23C6, 0,5 vol.% VN.

The pres ence of phase trans for ma tion from aus ten ite to
fer rite was showed to take place dur ing ther mal ex po si tion.
The ki net ics of phase trans for ma tion – the aus ten ite
changed into the fer rite and pre cip i tates of car bide phases
were eval u ated us ing X-ray dif frac tion anal y sis. In terms of 
me chan i cal prop er ties char ac ter ized us ing micro hard ness

the Ch3F12 tool steel is ther mally sta bile from 540 °C to

600 °C [3]. The micro hard ness de creases sharply above

600 °C. It is due to coars en ing of the carbide precipitates
and ferrite. 
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Fig ure 1. The de pend ence of phase quan tity on the an neal ing
tem per a ture.
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DIF FUSE X-RAY SCAT TER ING FROM DE FECTS IN Si SIN GLE CRYS TALS
MEA SURED AT VAR I OUS TEM PER A TURES

V. Valeš1 and V. Holý2,1

1Institute of Con densed Mat ter Phys ics, Fac ulty of Sci ence, Masaryk Uni ver sity, Kotláøská 2, CZ – 61137
Brno, Czech Re pub lic, 

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

106575@mail.muni.cz

Dif fuse x-ray scat ter ing from de fects in Czochralski-
 grown Si wa fers (small stack ing faults, pre cip i tates of
SiO2, clus ters of va can cies or in ter sti tials) is mea sured at
two dif fer ent tem per a tures. From the com par i son of the re -
cip ro cal-space dis tri bu tions of the in ten sity scat tered at dif -
fer ent tem per a tures we have de ter mined the ther mal- 
dif fuse part and the part of the in ten sity scat tered from the

struc tural de fects. Since the in ten sity of ther mal dif fuse
scat ter ing is not af fected by the pres ence of the de fects, it
can be used as an in ter nal in ten sity nor mal. This made it
pos si ble to de ter mine re li ably the den sity of struc ture de -
fects in the wa fers.
See page 74  for full pa per.
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MAGNETRON DEPOSITED TiO2 THIN FILMS CRYSTALLIZATION AND
TEMPERATURE DEPENDENCE OF MICROSTRUCTURE AND PHASE COMPOSITION

L. Nichtová1, R. Kužel1, Z. Matìj1, J. Šícha2, J. Musil2

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

2De part ment of Physics, Fac ulty of Ap plied Sci ences, Uni ver sity of West Bo he mia in Pilsen, Czech Re pub lic

Ti ta nium di ox ide ( TiO2 ) films are now a days widely used
be cause of their in ter est ing photocatalytic and self clean ing 
prop er ties. Com plex X-ray scat ter ing stud ies were per -
formed on sets of ti ta nium di ox ide thin films sput tered by
dual dc mag ne tron [1]. Sev eral sets of nanocrystalline and

amor phous TiO2 thin films mag ne tron de pos ited on glass
and sil i con sub strates have been stud ied. Phase anal y sis
and X-ray line broad en ing were stud ied by X-ray pow der
dif frac tion in par al lel beam op tics; the re sid ual stresses
were mea sured with the aid of the Eulerian cra dle and sur -

Fig ure 2. X-ray dif frac tion pat tern of the Ch3F12 pow der in
as-cast state.

Fig ure 3. X-ray dif frac tion pat tern of the Ch3F12 pow der an -
nealed at 540 °C.
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face rough ness de ter mined by X-ray re flec tivity mea sure -
ment. Microstructure pa ram e ters were ex tracted from XRD 
mea sure ments by in di vid ual peak pro file fit ting and also by 
whole pow der pat tern mod el ling [2] ap proach (MAUD [3], 
mod i fied FOX[4]). 

A set of amor phous films with dif fer ent thick ness was
stud ied af ter an neal ing and also by in-situ mea sure ments
dur ing the heat ing. It was found that the crys tal li za tion
tem per a ture started at about 250 °C for thicker films but it
was higher for thin ner films (< 200 nm) and reached about
350 °C. Thin ner films were sin gle phase (ana tase) while
thicker films above 1200 nm con tained also a small amount 
of nanocrystalline rutile. The crys tal lite size of these sam -
ples im me di ately af ter crys tal li za tion was larger than 100
nm. 

This is clearly dif fer ent from as-de pos ited nano -
crystalline films. By both thick ness de pend ence of XRD
pat terns and depth pro fil ing mea sure ments it was found
that rutile phase growths on the sub strate and it is trans -
formed to ana tase with in creas ing dis tance from the sub -
strate. This may be caused by tem per a ture gra di ent dur ing
the de po si tion. Thin ner films con sist mainly of about 7 nm
large rutile crys tal lites. With an neal ing tem per a ture the
crys tal lite size is con tin u ously in creas ing (Fig ure 1a). By
con trast, in thicker films the ana tase crys tal lites of sim i lar
size (7 nm) dom i nate but they re main nearly un changed
with an neal ing up to 500 °C and then they are trans formed

to larger rutile crys tal lites af ter an neal ing at 800 °C (Fig ure
1b).

Sim ple uni ax ial ten sile stress and only a weak tex ture
were found for the amor phous films af ter crys tal li za tion.
Only for the thin nest films (~ 100 nm), the 101 tex ture
(ana tase) was found. In case of nanocrystalline films the
stress was low but not uni ax ial. This is re lated to sig nif i -
cantly stron ger and more com pli cated tex ture due to the
dual mag ne tron ge om e try.

Re flec tivity mea sure ments re vealed in creas ing sur face
rough ness with both in creas ing thick ness and an neal ing
tem per a tures.

1. J. Musil, D. Heøman, J. Šícha (2006). J. Vac. Sci. Technol.
A24(3), 521-528.

2. P. Scardi, M. Leoni (2002). Acta Cryst. A 58, 190-200.

3. L. Lutterotti, www.ing.unitn.it/~maud.

4. objcryst.sourceforge.net.

The work is a part of the re search pro grams MSM
0021620834 and MSM 4977751302 fi nanced by the Min is -
try of Ed u ca tion of the Czech Re pub lic and also sup ported
by Grant Agency of the Czech Republic (106/06/0327).
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Fig ure 1. Dif frac tion pat terns of TiO2 films an nealed at dif fer ent tem per a tures. Stron gest peaks of ana tase and rutile are 101 at 25° and
110 at 27°, re spec tively – a) thin ner film (220 nm) with do minating rutile and grad u ally in creas ing crys tal lite size with an neal ing (500
°C, thick line), b) thicker film (935 nm) with dom i nat ing ana tase af ter deposition and nearly un changed crys tal lite size up to 500 °C
(thick line). Ana tase is trans formed into rutile af ter an neal ing at 800 °C. Rutile peaks ap peared al ready af ter an neal ing at 700 °C.
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STUDY OF THE STRUCTURE OF GAMNAS THIN LAYERS
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Karlovu 5, 121 16 Prague 2, Czech Republic

Lukas.horak@napismi.cz

In pres ent time there is a big fo cus on mag netic semi con -
duc tors, in which gal lium ar se nide doped with man ga nese
be longs. It will have a wide ap pli ca tion if it is suc ceeded to
raise its Cu rie tem per a ture to the room tem per a ture. To
reach this aim it is nec es sary to know its in ner struc ture be -
cause mag netic prop er ties are con nected with po si tions of
man ga nese at oms in a lat tice. Ac cord ing to the the o ret i cal
pre dic tions Cu rie tem per a ture could reach a room tem per a -
ture for the con cen tra tion of man ga nese ten percents [1].

It re sults from var i ous stud ies (e.g. [1]) that a mag netic
be hav ior is caused by added man ga nese at oms at gal lium
sites. These at oms act as ac cep tors and an in ter ac tion be -
tween their spins is me di ated by charge car ri ers - holes. Do -
nors pres ent in ma te rial com pen sate holes and re duce T C.
Two ma jor prob lems arise when GaMnAs layer grows. The 
first prob lem is a cre ation of EL2 de fect; it means antisites
ar se nide at oms, which are do nors [2]. Their con cen tra tion
is cor re lated to the con cen tra tion of MnGa [1]. The sec ond
prob lem is po si tion ing of Mn at oms, they can oc cupy not
only Ga sites but they can be pres ent as dou ble do nor in ter -
sti tials in As tet ra he drons. Their con cen tra tion and in flu -
ence can be re duced by an neal ing as de scribed e.g. in [3].

The goal of our work is to ob tain a con cen tra tion of Mn
at oms in substitional and in ter sti tial po si tions with x-ray
dif frac tion mea sure ment and a con cen tra tion of other de -
fects as well. These val ues should be com pared with mag -
netic mea sure ments to op ti mize grow ing lay ers of de sired
prop er ties.

We mea sure rock ing curves on dif fer ent dif frac tions
and we com pare them with dy nam i cal cal cu la tions of the
cho sen model. This model co mes from GaAs lat tice dis -
turbed by added Mn at oms and As antisite de fects. It leads
to change of lat tice con stant [4-5] and to lo cal shift of at -
oms near lat tice dis tur bance chang ing a struc ture fac tor. It
is suit able to mea sure more re flec tions con sid er ing that
there are many pa ram e ters to fit. Atomic scat ter ing fac tors
of gal lium and ar se nide dif fer not too much, so it is use ful

to mea sure quazi-for bid den re flec tions, be cause change of
struc ture fac tor due to the de fects is the big gest.

Our mea sured sam ples are tens nanometers thin lay ers
of GaMnAs con tain ing ap prox i mately 5% Mn de pos ited
on low-tem per a ture GaAs buffer on GaAs sub strate. Di rec -
tion [001] is per pen dic u lar to sur face. Mea sure ment are
done with lab o ra tory difractometer for monocrystals,
asym met ric dif frac tions are mea sured in coplanar graz -
ing-exit ge om e try.

I com pared mea sured data with their sim u la tions and
there is shown dif fer ence of kinematical and dy nam i cal ap -
proach in my pre sen ta tion too. GaMnAs layer is thin
enough to use kinematical for mu las as de scribed in [6], but
there are so many pa ram e ters such as shifts of at oms, which 
make con clu sions from kinematical cal cu la tions very prob -
lem at i cal.

The work is a part of the re search pro gram MSM
0021620834 and also par tially sup ported by the Czech
Acad emy of Sci ences un der the num ber KAN400720701.
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4. J. Mašek, J. Kudrnovský, and F. Máca, Phys. Rev. B 67,
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STANDING-WAVE EFFECTS IN GRAZING-INCIDENCE X-RAY DIFFRACTION FROM
POLYCRYSTALLINE MULTILAYERS

J. Krèmáø1, V. Holý2,1, L. Horák2, T. H. Metzger3, and J. Sobota4 
1In sti tute of Con densed Mat ter Phys ics, Masaryk Uni ver sity, Koltáøská 2, 611 37 Brno, Czech Re pub lic

2De part ment of Phys ics of Elec tronic Struc tures, Charles Uni ver sity, Ke Karlovu 5, 121 16 Prague, Czech
Re pub lic

3Eu ro pean Syn chro tron Ra di a tion Fa cil ity, BP 220, 38043 Grenoble, France 
4In sti tute of Sci en tific In stru ments v.v.i., Acad emy of Sci ences of the Czech Re pub lic, Královopolská 147,

612 64 Brno, Czech Re pub lic

In a non-coplanar graz ing-in ci dence ge om e try of dif frac -
tion from a polycrystalline pe ri odic multilayer, the dif -
fracted in ten sity is mod u lated by a stand ing wave cre ated
by the in ter fer ence of the ra di a tion trans mit ted through the
multilayer stack with the wave field specularly re flected
from the superlattice in ter faces. Sim i larly, the ra di a tion be -
ing dif fracted from the polycrystalline struc ture is re flected 
specularly from the in ter faces and a stand ing-wave in ter -
fer ence pat tern re sults as well. This pa per shows a se ries of

ex per i men tal mea sure ments ob tained from C/Ni pe ri odic
multilayers dem on strat ing this ef fect. The ex per i men tal
data have been mod eled us ing a the o ret i cal ap proach based
on the dis torted-wave Born ap prox i ma tion. The method
can be used for a study of the pro files of the grain sizes and
strains across the multilayer.

Ex tended con tri bu tion sub mit ted for pub li ca tion in Ma te ri -
als Struc ture, no. 3.

S21

KINETIC MONTE CARLO SIMULATION OF QUANTUM-DOT NUCLEATION
IN PbSe/PbEuTe MULTILAYERS

M. Mixa1, V. Holy1, G. Springholz2, D. Lugovyy2

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

2In sti tute of Semi con duc tor Phys ics, Johannes Kep ler Uni ver sity, Altenbergerstr. 69, A-4040 Linz, Aus tria
mar tin.mixa@centrum.cz

PbSe/PbEuTe quan tum-dot multilayer is an in ter est ing
ex am ple of a self-or ga nized semi con duc tor nanostructure.
In this sys tem the self-as sem bly phe nom e non is caused by
the elas tic de for ma tion of crys tal lat tice due to the lat tice
mis match be tween both ma te ri als. De pend ing on the thick -
ness of the PbEuTe spacer layer, three dif fer ent ar range -
ments of the PbSe dot superlattice are experimentaly
ob served (ver ti cal and trigonal ar range ments of the dots as
well as non-cor re lated mode of dot po si tions). 

In our the o ret i cal study of the epitaxial growth and the
self-or ga ni za tion pro cesses in this sys tem we use the ki -
netic Monte Carlo method for the sim u la tion of the PbSe
dot nu cle ation. The nu cle ation prob a bil ity of a quan tum dot 
at the sur face of a par tic u lar PbSe layer is in flu enced by the

lo cal chem i cal po ten tial of mi grat ing adatoms and con se -
quently by the lo cal sur face elas tic en ergy in duced by the
dots on the PbSe/PbEuTe in ter faces bur ied be low the sur -
face. This en ergy dis tri bu tion is taken into ac count for the
move ment sim u la tion of at oms de pos ited on the grow ing
sur face. Chang ing the spacer layer thick ness we ob tain the
same dot-superlattice ar range ments as in the ex per i ments. 

This work is a part of the re search plan MSM 0021620834
that is fi nanced by the Min is try of Ed u ca tion of the Czech
Re pub lic. The work was also sup ported by the Grant
Agency of Acad emy of Sci ences of the Czech Re pub lic (pro -
ject KAN400100652).
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SYNTHESIS OF a-Fe AND Fe2Zr PARTICLES EMBEDDED IN ZrO2 MATRIX

P. Roupcová, O. Schneeweiss

Ústav fyziky materiálù AV ÈR v.v.i., Žižkova 22, 616 62 Brno 
roupcova@ipm.cz

Iron and Fe2Zr nanoparticles in zir co nium ox ide ma trix
have been pre pared by heat treat ment of a mix ture of
ferrihydrite and zir co nium hy dride pow ders. Changes in
the phase com po si tion of the as-mixed pow ders dur ing an -
neal ing in vac uum at 620 °C and 800 °C were mon i tored
us ing mea sure ment of thermomagnetic curves and XRD in
heat ing cham ber. Struc ture and phase com po si tion of the
fi nal prod ucts were char ac ter ized by X-ray pow der dif frac -
tion and 57Fe Mössbauer spec tros copy. The in flu ence of the 
com po si tion of the orig i nal mix ture and tem per a ture on the

fi nal prop er ties of the com pos ites are dis cussed. The XRD
de ter mined 55 % monoclinic ZrO2, 23 % Fe2Zr, 14 % Zr

and 8 % a-Fe phases in the sam ple an nealed at  800 °C. The 
mean co her ent length was 20-80 nm. The an neal ing at
620 °C does not cre ate the Fe2Zr and the sam ple con sists of

39 % monoclinic ZrO2, 35 % Zr, 22 % a-Fe and 4 % ZrH2

phases. 
See page 85  for full pa per.
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PREP A RA TION AND STRUC TURE OF TI TAN ATE NANOTUBES

D. Králová 1, E. Pav lo va 1, M. Šlouf 1,2, R. Kužel 3

1In sti tute of Macromolecular Chem is try, Acad emy of Sci ences of the Czech Re pub lic, Heyrovskeho nam. 2,
162 06 Praha 6, Czech Re pub lic

2Mem ber of Con sor tium for Re search of Nanostructured and Crosslinked Poly meric Ma te ri als (CRNCPM)
3De part ment of Elec tronic Struc tures, Fac ulty of Math e mat ics and Phys ics, Charles Uni ver sity, 

121 16 Praha 2, Ke Karlovu 5, Czech Re pub lic
kralova@imc.cas.cz

This work de scribes sim ple and re pro duc ible prep a ra tion
of dried and sta ble ti tan ate nanotubes (Ti-NT) in
gram-scale amounts us ing freeze dry ing. Ti-NT rep re sent a 
novel type of nanoparticles with in ter est ing mor phol ogy
and pe cu liar struc ture. The mor phol ogy, crys tal line struc -
ture and el e men tal com po si tion of Ti-NT were in ves ti gated 

by means of scan ning and trans mis sion elec tron mi cros -
copy, X-ray and elec tron dif frac tion and X-ray dif frac tion.

Ex tended con tri bu tion sub mit ted for pub li ca tion in Ma te ri -
als Struc ture, no. 3.
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SYNTHESIS AN STRUCTURE OF CoGeTe AND CoSn1.5Te1.5

F. Laufek1, J. Navrátil2, M. Plášil3

1Czech Geo log i cal Sur vey, Geologická 6, Praha 5, 152 00, Czech Re pub lic
 2Joint Lab o ra tory of Solid State Chem is try of IMC AS ÈR and Uni ver sity of Pardubice, Studentská 84, 532

10 Pardubice, Czech Re pub lic  
3Charles Uni ver sity, Fac ulty of Sci ence, Albertov 6, Praha 2, 128 43, Czech Re pub lic

laufek@cgu.cz

This pre sen ta tion is a part of sys tem atic in ves ti ga tions on
crys tal struc tures and phys i cal prop er ties of M-X-Ch com -
pounds of co balt-group met als (M = Co, Ir, Rh) and main
group IV and VI el e ments (X = Si, Ge, Sn; Ch = S, Se, Te).

These phases are of in ter est in ma te ri als sci ence be cause of
their pos si ble ther mo elec tric ap pli ca tions.

The ter nary com pounds, CoGeTe and CoSn1.5Te1.5

were syn the sised from the el e ments by high tem per a ture
solid state re ac tions. Co pow der was at first heated at



800 °C for 1 hr in H2 at mo sphere to re move pos si ble ox -
ides. Stoichiometric amounts of Co (99.99%), Ge
(99.99%), Sn (99.99 %) and Te (99.99%) were sealed in
evac u ated quartz tubes and heated at 1150 °C for 4 hrs. Fol -
low ing this, the sam ples were ground us ing the ag ate mor -
tar and pes tle, and sealed again un der vac uum in quartz
tubes. The mix tures were heated at 550 °C for three days.
The re sul tant ma te rial was once again ground and heated at
670 °C and 600 °C for CoGeTe and CoSn1.5Te1.5, re spec -
tively. Af ter long-term an neal ing, the sam ples were
quenched in cold wa ter.

Here we re port a de tailed struc tural study on the two
ter nary com pounds CoGeTe and CoSn1.5Te1.5. As sin gle
crys tals of suf fi cient qual ity were not avail able, the anal y -
ses were per formed on pow der sam ples. The crys tal struc -
ture of CoGeTe was solved by di rect meth ods by means of
EXPO2004 [1] pro gram pack age, while the inicial struc -
ture model for CoSn1.5Te1.5 was de rived from data pub -
lished for CoGe1.5Te1.5 [2]. Both struc tures were re fined by
Rietveld method by means of FullProf pro gram [3].   

CoGeTe: space group Pbca, a = 6.1892(4), b =
6.2285(4), c = 11.1240(6) C, Z = 8, Rwp = 0.083, RB =
0.065. The crys tal struc ture of CoGeTe can be viewed as a

ter nary or dered vari ant of a-NiAs2 (also known as a min -
eral pararammelsbergite), which is tran si tional be tween the 
marcasite-type and the py rite-type struc tures. Each Co
atom is sur rounded by three Ge and Te at oms show ing a
dis torted oc ta he dral co or di na tion. One oc ta he dral edge is
shared with an ad ja cent octahedron, com pared to two
shared edges in the marcasite struc ture and none in the py -
rite struc ture. Other ver ti ces of the [CoGe3Te3] octahedron
are con nected by cor ners shar ing. (Fig. 1). Sim i lar de scrip -
tion has been de scribed for PtSiSb [4].

CoSn1.5Te1.5: space group R-3,  a = 12.9062(2), c =
15.7837(3) C, Z = 12, Rwp = 0.106, RB = 0.046. The struc -
ture of CoSn1.5Te1.5 can be de scribed as a mod i fi ca tion of a

cu bic struc ture of CoSb3 [5] (skut teru dite type). The weak
su per struc ture re flec tions found in pow der dif frac tion pat -
tern re veal the or der ing be tween Sn and Te at oms. This or -
der ing re duces the sym me try from cu bic to rhombohedral.
Each Co atom is sur rounded by three Te and Sn at oms
form ing a dis torted oc ta he dral co or di na tion. The
[CoSn3Te3] octahedra share only cor ners with six neigh -
bour ing octahedra. One of the most char ac ter is tic fea tures
of the CoSn1.5Te1.5 struc ture is the pres ence of two dis tinct
four-mem ber rings [Sn2Te2] (Fig 2). The sche matic rep re -
sen ta tion of the CoSn1.5Te1.5 struc ture is shown in the Fig.
2. A com pound with this com po si tion was men tioned at the 
con fer ences [6, 7] but no struc tural de tails were given.

1.     A. Altomare, R. Caliandro, M. Camalli, C. Cuocci, C.
Giacovazzo, A. Moliterni. R. Rizzi, J. Appl. Cryst., 37,
(2004), 1025.

2.     P. Vaqueiro, G.S. Sobany, A.V. Powell, K.S. Knight, J.
Solid State Chem., 179, (2006), 2055.

3.    J. Rodríguez-Carvajal, FullProf.2k, Laboratoire Léon
Brillouin, France, 2006.

4.    M. Wang, M.G. Mor gan, A. Mar, J. Solid State Chem., 175, 
(2003), 231.

5.    Th. Schmidt, G. Kliche, H. D. Lutz, Acta Crystallogr.. C
43, (1987), 1978.

6.    Y. Nagamoto, K. Tanaka, T. Koyanagi, Proceeddings of the 
16th In ter na tional Con fer ence on Thermoelectrics,
Dresden, Ger many.

7.    A. Smaleez, Q. Lin, D. C. John son, J. Mertin, Ma te rial Re -
search Meet ing 2005, p. 137., Boston, USA.

  

This study was sup ported by the Grant Agency of the Acad -
emy of Sci ences of the Czech Re pub lic (Pro ject No. KJB
300130612), by the in ter nal pro ject of the Czech Geo log i -
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Fig ure 1. Poly he dral rep re sen ta tion of CoGeTe struc ture show -
ing the [CoGe3Te3] octahedra. Black and white cir cles are Ge
and Te at oms, re spec tively.

Fig ure 2. (a) Poly he dral rep re sen ta tion of CoSn1.5Te1.5 struc -
ture show ing the cor ner shar ing ar range ment of the [CoSn3Te3]
octahedra. (b) Four-mem ber Sn2Te2 rings .                                         



cal Sur vey (Pro ject No. 3230) and by the Czech Sci ence
Foun da tion (Pro ject No. 203/07/0267).
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SOLID-STATE SYNTHESIS, CHARACTERIZATION AND APPLICATIONS OF
POTASSIUM FERRATE(VI): A MULTI-ANALYTICAL APPROACH

J. Filip1, L. Machala1, R. Zboøil1, V. K. Sharma2, I. Medøík1

1Cen tre for nanomaterial re search, Palacký Uni ver sity Olomouc, Svobody 26, 
771 46 Olomouc, Czech Re pub lic

2Chem is try de part ment, Florida In sti tute of Tech nol ogy, 150 West Uni ver sity Bou le vard, Mel bourne, 
FL 32901, USA
jan.filip@upol.cz

In the re cent years, there has been in creas ing in ter est in the
+6 ox i da tion state of iron. The ferrate(VI) ion (FeVIO4

2-) is
the only one known spe cies [1], im por tant be cause of its
po ten tial use in high en ergy den sity re charge able bat ter ies,
in “greener” tech nol ogy for or ganic syn the sis, and in treat -
ment of con tam i nants and tox ins in wa ter and wastewater
[2]. Po tas sium ferrate(VI) (K2FeO4) is the most stud ied

com pound among the fam ily of ferrate(VI) [2]. Hence,
solid orthorhombic, few mi crom e ter-sized crys tals of po -
tas sium ferrate(VI) were syn the sized by ther mally in duced
solid-state re ac tion, where  KNO3 and suit able iron-con -
tain ing com pounds (mostly cheap waste iron ox ides,
oxyhydroxides and sul fates, avail able in high quan ti ties)
were heated to gether to ob tain K2FeO4. How ever, the im -
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Fig ure 1. (a) X-ray pow der dif frac tion pat tern of syn the sized mix ture of K2FeO4 and KFeO2, ver ti cal lines in di cate X-ray dif frac tion
peaks of K2FeO4, cir cles mark the Pt-holder as the pat tern was mea sured un der vac uum to pro tect the sam ple re ac tion with air mois ture
dur ing the ex per i ment; (b) 57Fe Mössbauer spec trum of syn the sized mix ture of K2FeO4 and KFeO2, dark gray – subspectrum cor re -
spond ing to K2FeO4, light gray - KFeO2, me dium gray – amor phous iron oxyhydroxides; (c) X-ray pow der dif frac tion pat tern and (d)
57Fe Mössbauer spec trum of two-line ferrihydrite form ing dur ing the re ac tion of K2FeO4 with pol lut ants in aque ous so lu tion.
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me di ate de com po si tion of ferrate(VI) oc curs at el e vated
tem per a tures used in a ther mal syn the sis tech nique [3],
which re sults in a low yield of K2FeO4 prod uct. An in -
crease in the K2FeO4 yield was achieved by op ti miz ing the
pre cur sor com po si tion and the tem per a ture con di tions un -
der which the sec ond ary de com po si tion is re duced. 57Fe
Mössbauer spec tros copy and X-ray pow der dif frac tion
anal y ses were rou tinely used to mon i tor the pro cess of syn -
the sis.

Re sult ing po tas sium ferrate(VI) (space group Pnam)
re veals the re fined lat tice pa ram e ters, a = 7.702(2), b =
10.346(1), c = 5.862(1) C, and cell vol ume 467.1(1) C3,
which are close to those re ported by other re search ers. Po -
tas sium ferrate(VI), or mix ture of po tas sium ferrate(VI)
and po tas sium iron(III) ox ide (KFeO2) (Fig. 1a,b), de pend -
ing on the pro ce dure used, was found to be very ef fec tive in 
tech nol ogy of wa ter treat ment un der lab o ra tory con di tions
[2, 4]. In all cases, the fi nal re ac tion prod uct of po tas sium
ferrate(VI) de com po si tion and Fe6+–to–Fe3+ re duc tion is
two- to six-line ferrihydrite (Fe5HO8·4H2O) (Fig. 1c,d) of
large sur face area and nanocrystalline char ac ter (the mean
par ti cle size of ferrihydrite cal cu lated from broad en ing of
dif frac tion peaks ac cord ing to the Scherrer for mula and
con firmed by trans mis sion elec tron mi cro scope equals to
mean 5 nm), or mix ture of ferrihydrite with better crys tal -
line phases (e.g., goethite), de pend ing on the type of pol lut -
ants and re ac tion ki net ics. Just the nanocrystalline
char ac ter and large sur face area (up to 183 m2/g mea sured
us ing a Brunauer-Emmett-Teller – BET – sur face area an a -
lyzer) of fi nal iron oxyhydroxides is a unique phe nom e non, 
great for a pos si ble us age of po tas sium ferrate(VI) in wa ter
treat ment tech nol o gies. Hence, the ini tially ox i dized toxic
met als and other pol lut ants are ef fec tively ad sorbed on

and/or co-pre cip i tated with the sub se quently formed iron
oxyhydroxides.

57Fe Mössbauer spec tros copy (room- and low-tem per a -
ture, and in-field con fig u ra tion), to gether with X-ray pow -
der dif frac tion, rep re sent pow er ful tools in mon i tor ing the
phase com po si tion and struc tural prop er ties of the syn the -
sized po tas sium iron(III, VI) ox ides, their sta bil ity and re -
ac tion mech a nisms with pol lut ants. Mössbauer
spec tros copy gives a unique in for ma tion about the ox i da -
tion state of iron, phase com po si tion and phase ra tio of
iron-bear ing and even amor phous phases, whereas X-ray
pow der dif frac tion brings the pos si bil ity to add both qual i -
ta tive and quan ti ta tive data to all pre sented, mainly crys tal -
line phases. The pre sented re sults have a prac ti cal im pact
for the op ti mi za tion of the solid-state syn the sis of po tas -
sium ferrate(VI). More over, new data will be pre sented in
terms of phase com po si tion of re ac tion prod ucts of po tas -
sium ferrate(VI), as well as po tas sium iron(III) ox ide and
their mu tual mix ture.

1.  J. F. Berry, E. Bill, E. Bothe, S. D. George, B. Mienert, F.
Neese, K. Wieghardt, Sci ence, 312, (2006), 1937-1941.

2. V. K. Sharma, Adv. En vi ron. Res, 6, (2002), 143-156.

3. L. Machala, R. Zboøil, V. K. Sharma, J. Filip, O.
Schneeweiss, Z. Homonnay, J. Phys. Chem B., 111,
(2007), 4280-4286.

4. V. K. Sharma, F. Kazama, H. Jiangyong, A. K. Ray, J. Wa -
ter Health, 3, (2005), 45-59.

Fi nan cial sup ports from the Min is try of Ed u ca tion of the
Czech Re pub lic (MSM6198959218 and 1M6198959201)
and from Acad emy of Sci ences of the Czech Re pub lic
(KAN108040651) are grate fully ac knowl edged.
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MOLECULAR MODELLING OF LAYERED DOUBLE HYDROXIDE INTERCALATED
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12116 Prague 2, Czech Re pub lic
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The struc ture of Zn4Al2 Lay ered Dou ble Hy drox ide (LDH) 
in ter ca lated with benzencarboxylate (C6H5COO-) was
solved by meth ods of mo lec u lar mod el ling re lated to dif -
frac tion. Mo lec u lar mod el ling us ing em pir i cal force field
was car ried out in Cerius2 mod el ling en vi ron ment. A se ries
of start ing mod els with var i ous ori en ta tion (par al lel, tilted
and per pen dic u lar) of guest an ions with re spect to the host
lay ers was cre ated. Ac cord ing to the com par i son of to tal
crys tal en ergy of op ti mized struc ture mod els with dif fer ent
ge om e try it was found out that ben zo ate an ions are al most
per pen dic u lar to  LDH lay ers, an chored to OH groups of

the host lay ers via hy dro gen bonds. Mu tual ori en ta tion of
ben zo ate ring planes in the interlayer space keeps par quet
ar range ment. Wa ter mol e cules are roughly ar ranged in
planes ad ja cent to host lay ers to gether with COO- groups.
Cal cu lated basal spac ing dcalc = 15.2 C is in good agree -
ment with ex per i men tal basal spac ing dexp = 15.3 C.

Ex tended con tri bu tion sub mit ted for pub li ca tion in Ma te ri -
als Struc ture, no. 3.
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MOLECULAR SIMULATIONS OF HYDROTALCITE INTERCALATED WITH
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Ke Karlovu 3, 121 16 Prague 2, Czech Re pub lic, veteska@karlov.mff.cuni.cz

In this work hydrotalcite-like struc tures in ter ca lated by
pyrenetetrasulfonate an ions were cal cu lated by meth ods of
mo lec u lar sim u la tions (i.e. the mo lec u lar me chan ics and
the clas si cal mo lec u lar dy nam ics). The hydrotalcites are
lay ered ma te ri als with an ions and wa ter mol e cules which
are held be tween lay ers only by nonbond in ter ac tions. Mo -
lec u lar sim u la tions are based on em pir i cal force fields in -
tended for cal cu la tions of op ti mized struc tures with
min i mal po ten tial en ergy.

Based on ex per i men tal data (X-ray dif frac tion and
thermogravimetry) rough ini tial mod els were build for 4
dif fer ent dis tances be tween the hydrotalcite lay ers with 2
pyrenetetrasulfonate an ions in the first interlayer. About
4*10 dif fer ent suit able ini tial mod els des tined for the mo -
lec u lar me chan ics were se quen tially se lected from roughly
4*12 bil lion pos si ble mod els by sys tem atic scan ning an en -
tire state space (al go rithm Supramol). The ex per i men tally
de ter mined amount of wa ter mol e cules was ran domly in -
serted into rel e vant mod els. Af ter var i ous tech niques of
cal cu la tions (mo lec u lar me chan ics with free cell pa ram e -
ters, us ing a pres sure, var i ous tech niques of charge cal cu la -
tion, sys tem atic bend ing of sul fo nates, var i ous ini tial
po si tion of wa ter mol e cules) it ap peared as op ti mal to cal -
cu late with rigid hydrotalcite lay ers and cell pa ram e ters
and with charges cal cu lated sep a rately for ev ery mol e cule
and layer. Ar range ment of wa ter was re fined by sub se quent 
mo lec u lar dynamics.

The sam ple with interlayer dis tance 9,83 C and 0 wa ter
mol e cules. The re sult ing en ergy of mod els with an ions po -
si tioned in one layer par al lel with hydrotalcite lay ers or
with an ions slightly tilted were very sim i lar. It can be as -
sumed that all these cal cu lated mod els could ap pear in the
real sam ple or ar range ment of mol e cules in the interlayer is
slightly vari able.

The sam ple with interlayer dis tance 13,63 C and 36
wa ter mol e cules. The re sult ing en ergy of mod els with an -
ions sit u ated in 2 hor i zon tal lay ers ap prox i mately in the
thirds of the interlayer, var i ously turned, shifted and tilted
were very sim i lar, too. Thus ar range ment of mol e cules in
the interlayer is again slightly vari able. The wa ter mol e -
cules form three lay ers, first one in the mid dle, two ones in
the quar ters of the interlayer.

The sam ple with two interlayer dis tances 11,74 C and
12,81 C and 25 wa ter mol e cules. On the base of cal cu la -
tions it seems to be the most prob a ble that the mea sured
sam ple were not sta bi lized and there fore it ap pears as
two-phase.
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