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X-RAY FOCUSING BASED ON
REFRACTION

J. Hrdy

Institute of Physics, Academy of Sciences of the Czech
Republic, Praha

First a compound refractive lens for synchrotron radia-
tion will be described. This kind of lens is an analogy of an
optical refraction lens and is now used in ESRF for focus-
ing OF. Then it will be shown that the refraction phenom-
ena occurring at Bragg-inclined and Bragg-asymmetric
diffraction may be also utilized for focusing OF. Some re-
cent experiments performed at NSLS and ESRF will be de-
scribed.

X-RAY SCATTERING FROM LAYERED
SYSTEMS WITH SELF-ORGANIZED
INTERFACES

V. Holy

Laboratory of Thin Films and Nanostructures, Faculty of
Science, Masaryk University, Kotlarska 2, 611 37 Brno,
Czech Republic

Under suitable conditions, self-organization processes
occur at interfaces during heteroepitaxial growth of semi-
conductor layers and multilayers. These processes produce
nearly periodic systems of zero or one dimensional inter-
face features, called quantum dots or quantum wires. The
self-assembled structures exhibit very promising elec-
tronic, optical, and magnetic properties.

The structure of the dots and wires can be investigated
non-destructively by means of small-angle x-ray scattering
(x-ray reflection) or high-angle x-ray diffraction. The main
problem in the analysis of the scattering data is to distin-
guish the influence of the shape of the interface from that of
the deformation field around it. Small angle x-ray scatter-
ing is sensitive only to the shape of the interface structures
and the method can also study the arrangement of the dots
or wires at an interface. The small-angle reflection mea-
surement is usually performed in the off-plane arrangement
enabling us to investigate very small structures.

High-resolution x-ray diffraction reveals not only the
shape but also the deformation field inside and around an
interface structure. The method is applied both in the
coplanar and in the grazing-incidence geometries. The ad-
vantage of the latter arrangement consists in a high surface
sensitivity due to a very short penetration depth of the pri-
mary x-ray beam.

The measured intensity distribution in reciprocal space
can be simulated theoretically using semikinematical scat-
tering theory. In the simulations, the strain field of a
self-organized interface has been calculated by means of
elasticity theory taking into account both the surface stress
relaxation and elastic anizotropy. From the comparison of
the measured and simulated data one can determine the
shape of the interface features, their in-plane arrangement,
the correlation of their positions in different interfaces in a

multilayer stack, as well as their mean chemical composi-
tion.

It is generally believed that the driving force for the
self-organization process is the inhomogeneous strain dis-
tribution at a growing surface originating from a buried
self-patterned interface. A strain gradient at a surface af-
fects the in-plane diffusion of the adatoms resulting in a
self-organized interface. The epitaxial growth process can
be simulated numerically and the correlation properties of
the interface can be obtained. The results of the numerical
growth simulations agree qualitatively well with the x-ray
data.

The method has been used in several semiconductor
multilayers such as SiGe/Si systems, multilayers of III-V,
II-VI and IV-VI compounds. Numerical simulations of the
growth process can predict the arrangement of the self-or-
ganized quantum wires and dots for particular materials
and growth conditions.

ARTIFICIAL MODULATIONS IN
LATERALLY PERIODIC STRUCTURES

David Rafaja’ and Jifi Kub®

! Faculty of Mathematics and Physics, Charles
University, Prague

? Institute of Physics, Czech Academy of Sciences, Prague

The contribution is devoted to the study of Au dots
with well-developed lateral periodicity, which were grown
on oxidised silicon substrates using the molecular beam ep-
itaxy (MBE) and the electron beam lithography (EBL). As
the experimental technique, X-ray diffraction was applied
to check the quality of the deposited structures, that is, to
investigate the lateral distances, the shape of the dots and
their correlation. On the other hand, regarding the antici-
pated high quality of the artificial structures, the Au dots
were employed to test the limit of the high resolution X-ray
diffraction.

The dots were deposited over the area of 5 x 5 mm
with equidistant spacing of 2 um in both directions. A rect-
angular shape of the dots (0.6 x 0.4 um) and a height of ap-
proximately 50 nm were intended. For the X-ray
diffraction experiments, a triple-crystal diffractometer and
a rotating anode generator were used. The reciprocal space
mapping was performed in both the x-z and the x-y planes
of the reciprocal space. The first set of the measurements
(in the x-z plane) was done to get basic information on the
lateral periodicity and the height of the dots. The reciprocal
space mapping in the x-y plane was done to study the fine
interference effects arising on laterally periodic structures
having a limited periodicity.

The fine interference effects were detected as maxima
of the resonant diffuse scattering in the x-y plane. The oc-
currence of these maxima was satisfactorily explained us-
ing a kinematic approach. The dots were regarded as
individual scattering centres with a certain lateral periodic-
ity. Particularly, each dot was characterised by a mean po-
sition and by a displacement from this position. The
application of the kinematic approach has shown that the
perfect laterally periodic structures with a small number of
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scattering centres behave like quasi-crystals, which is illus-
trated on the structure model.

Using another approach, the presence of the intensity
maxima in the x-y cut of the reciprocal space could be ex-
plained as diffraction on the crystallographic planes (7k0),
where /4 and k are small integers. For the dots unlike for
large crystals, however, the x-y cut of the reciprocal space
consists of continuous maxima satisfying the condition g =
27 (h cos a + k sin a)/d, if the dots are located in a square
grid. In the above equation, ¢ is the diffraction vector, d the
mean periodicity and o the angle between the trace of the
diffraction plane and an edge of the square grid.

THERMAL STABILITY OF AMORPHOUS
NB/SI MULTILAYERS STUDIED BY
X-RAY REFLECTION

Z. Bochniéek', I. Vavra?, and V. Holy®

'Masaryk University, Faculty of Science, Department of
General Physics, Kotlarska 2, 611 37 Brno, Czech
Republic.

? Institute of Electrical Engineering, Slovak Academy of
Sciences, Dubravska cesta 9, 842 39 Bratislava, Slovakia

? Masaryk University, Faculty of Science, Department of
Solid State Physics, Kotlarska 2, 611 37 Brno, Czech
Republic.

The layered structure Nb/Si/Nb exhibits Josephson ef-
fect that can be used for fabrication of highly sensitive sen-
sors. Thermal stability at low temperature range is crucial
for sensor manufacture, because the technology process
consists of several elevated temperature steps which follow
multilayer deposition.

With dc magnetron sputtering we have prepared multi-
layers [Nb(33 A)/Si(167A)],0 with amorphous both Si and
Nb components. The samples were isothermally annealed
in vacuum 5.10* Pa at temperatures from 150°C up to
350°C with duration from 30 min up to 14 hours. After each
annealing step the x-ray low angle specular reflection curve
has been measured with conventional x-ray source. Not an-
nealed and some of long time annealed samples have been
studied by cross-sectional TEM.

The experimental data shows that during annealing the
interfaces were gradually shifted. This caused decreasing
of the thickness of Si layers and enlarging the one of Nb
layers but the period of the multilayer remained un-
changed. This process did not change interface sharpness
significantly. Additional TEM studies confirmed that no
crystallization occurred in both amorphous multilayer
components.

To explain experimental data we have worked out a
model which is based on diffusion of Silicon into Niobium.
This model provides the diffusion coefficient of Silicon in
amorphous Niobium that matches well to Arrhenius plot
D(T) =D, exp(-EA/kT).

Modernization of laboratory and teaching of practical
applications of XRD in geology at the Faculty of Natu-
ral Sciences, Charles University

MODERNIZACE PRACOVISTE A VYUKY
PRAKTICKYCH APLIKACI RTG
DIFRAKCE V GEOLOGII NA PRF UK
PRAHA

Viktor Golias', Petr Nakladal®

"Ustav geochemie, mineralogie a krystalografie
Prirodovedecké fakulty Univerzity Karlovy, Albertov 6,
128 43 Praha 2

’Karel Kliner Vodni zdroje, Na Topolce 917/22, Praha 4,
140 00

V soucasnosti je RTG laborator Ustavu geochemie,
mineralogie a nerostnych zdroji vybavena jak piistroji pro
praskovou difrakci (filmové komory, difraktogratf DRON
2.0), tak filmovymi precesnimi komorami pro difrakci
monokrystalovou.

Vyuka RTG difrakce za¢ina jiz v prvnim ro¢niku, kdy
jsou studenti vSech geologickych oborti a to i ucitelskych
kombinaci seznameni s teoretickymi zéklady, s piehledem
RTG difrakénich metod a nauci se rovnéz prakticky
vyhodnocovat RTG difrakéni zdznam pro identifikaci
neznamé mineralni faze.

Ve tretim ro¢niku jsou do RTG difrakénich metod
hloubéji zasvéceni studenti geochemie a mineralogie v
ramci prednasky Chemickd a strukturni krystalografie,
studenti mineralogie dale v pfednasce Metody rentgenové
difrakce.

V roce 1999 byla ziskana podpora grantem FRVS
1483/1999 na inovaci studijnich programi a modernizaci
pracovisté nasi RTG laboratofe. Jiz na poc¢atku tohoto roku
se rozb&hly prace na propojeni sovétského difraktografu
DRON 2.0, ktery minuly rok oslavil kulaté jubileum
dvaceti let provozu, s poc¢itatem.

Doposud pracoval pfistroj nejvice v rezimu nepietrzité
registrace intenzity na papir, jez byl nasledné manualné
méfen a vyhodnocen. Ridce se rovnéZ pouzival krokovy
rezim step — scan, kdy byla data tiSténa hluénym psacim
strojem bez klavesnice v osmi sloupcich na dlouhou roli
papiru. Stroj musel byt pod pfisnym dohledem a ziskanych
n¢kolik tisic ¢isel bylo posléze piepsano v editoru do
pocitace.

Nejdiive byla prostudovana dokumentace a byly
vyvedeny povelové kabely z bloku avtomaticeskovo
upravljenija. Na téchto byl pfi provozu v krokovém rezimu
naméfen ,,grafikon” chodu, véetné¢ logickych trovni a
délek fidicich pulzti. Poté bylo navrzeno schéma nové
komunikace s pocitatem, sestaven interface (obr. 1) a
v programu Turbo Pascal napsan ovladaci program a cela
sestava byla ozivena.

Jeden cyklus chodu pfistroje zac¢ina pocitanim pulzi
scintilaéni sondy na aktudlni pozici goniometru. Pulzy jsou
vyvedeny z diskriminatoru a zpracovavany ¢itaéem v inter-
face a vedeny v binarnim kodu na komunikacéni port LPT2.
Po uplynuti zadaného pocitaciho €asu, ktery je oproti dosti
chudému vybéru rozsifen do mezi 0.1 az 1000 s, zastavi po-
¢itac signalem ,,sbros“ ¢teni, data zpracuje a vysle signal

© Krystalograficka spole¢nost



58

STRUKTURA ‘99

I

1 I

DATA 0+ 7 (port 378h)

I

Ll [ I

3. stavovy vystupni obvod
74241

12

3. stavovy vystupni obvod | [ 3. stavovy vystupni obvod | [[3. stavowy vystupni obvod

74241 74241 74 241

E12 E12 E12

1

0123456780910

’7 —‘
n 012545678500
titat 4040 ‘ ca &itat 4040
R R

T »STROBE 1
2 +auTo 14;

5

P
5
=3

»SLCTIN(IT)

cow>

4515

dekoder 1218 10

wstup ganometr

vstup DRON

SBROS UV

m

—
LL

L JTTTTTT

+PE 112)
ACK (10

KONEC REGISTRACE.

(port 379h)

PUSK.

Obr. 1. Schéma logické ¢asti interface bez vstupnich a vystupnich obvodd.

.konec registrace®, jet’ aktivuje ptejezd goniometru. Jeho
fizeni zabezpecuje blok avtomatieskovo upravljenija,
¢itdnim impulst od fotodiody piejezdu goniometru po
0.01° 20@. Impulsy od fotodiody jsou rovnét’ zpracovany
¢itaCem v interface a dale poutiity pro kontrolu polohy
goniometru. Po pfejeti zadaného thlového intervalu blok
avtomaticeskovo upravljenija vysle signal ,,pusk”, jet
aktivuje opét ¢ita¢ v interface, ¢imt’ je cyklus uzavien.
Software zobrazuje aktualni pozici goniometru, nacitani
poctu impulst detektoru a kresli zdznam na obrazovku. Je
rovnét’ po péti minutach aktualizovan soubor STAV.DRN,
zobrazujici udaje o chodu pfistroje. Pocita¢ je pfipojen do
fakultni sité, v souCasnosti jsou feSeny problémy se sdi-
lenim tohoto souboru prostfednictvim WIN 3.11.

Nameétena data obsahuji hlavicku s uvedenim caso-
vého rozmezi méteni, po¢ateénim a koncovém uhlu, dobé
nacitani a kroku, ve dvojici sloupct jsou uvedena data
uhlové polohy a poc¢tu impulstt v ASCII. Pro jejich zpra-
covani byl zakoupen jiz v roce 1998 z prostiedku MzZP
kvalitni software ZDS for DOS a ZDS for WIN Petra
Ondruse.

Thned po prekonani pocateénich nedostatkii byl ope-
rativn€ vypsan kurz ,,RTG difrakce a jeji praktické aplikace
v geologii“. V tomto praktickém kursu se posluchaci sez-
namili s technikou sbéru RTG dat, zplisoby pfipravy vzor-
kit a vyhodnocovanim RTG zaznamt v software ZDS. Na
ptipravé kurzu se podilel rovnéz prof. Milan Rieder.

Kurzu se zGcastnilo celkem 11 studentd starSich 4.
ro¢niku fadného studia s vlastnimi konkrétnimi problémy,
které nyni postupné fesi, vétSinou v ramci diplomové ¢i
disertacni prace. Do pokrocilejsi faze feseni, zavislé na
strojovych hodinach DRONu, dospéli jiz Renata Johnova
pfi sledovani fazovych zmén pfi rekrystalizaci systému
badelleyit — korund a Michal Filippi pfi studiu minera-

logického slozeni zvétralin nékterych zlatorudnich lozisek
s vysokymi obsahy arsenu.

Program ZDS je nainstalovédn na tfech pocitacich pfis-
tupnych ucastnikim kurzu. Pro studenty a pracovniky
s moznosti pouzivani DRONu, byl sepsan manual k pouziti
v popsaném rezimu a probiha jejich zaskolovani.

Problems of teaching crystallography at the Faculty of
Natural Sciences, Palacky Univeristy, Olomouc

PROBLEMY VYUKY KRYSTALOGRAFIE
NA PifF UP OLOMOUC

Jifi Kamenicek

Katedra anorganické a fyzikalni chemie PiF UP
Krizkovského 10, 771 47 Olomouc.

Na Piirodovédecké fakulté Univerzity Palackého
v Olomouci probihd vyuka krystalografie studenti se
zaméfenim na chemii v nasledujicich pfednaskach:

IV. roénik odborného studia anorganické chemie:
»Krystalova struktura a rentgenova difrakce™ (3h/tydné,
ZS)

V. ro¢nik odborného studia anorganické chemie:
»Rentgenostrukturni analyza* (2 h/tydné, ZS)

V. ro¢nik ucitelského studia chemie: v ramci pokrocilé
prednasky ,.Kapitoly z anorganické chemie® (2 hod/tydné,
ZS).

Kromé toho studenti IV. ro¢niku odborného studia
chemie absolvuji v LS Sestihodinové praktikum ,,Cviceni
z fyzikalné chemickych metod“ zakoncené kolokviem,
které obsahuje Ctyii ulohy (Debye-Scherrerova metoda,
praskovy difraktometr, filmové monokrystalové metody —
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Weissenberg, precese a monokrystalovy difraktometr —
spojeno s exkurzi na PfF MU Brno a zéklady feSeni
struktur).

Pii vyuce se klade diraz na porozuméni zakladnim
pojmim. Ve svém kratkém vystoupeni bych chtél
upozornit na nekteré metodické problémy a ucinit par
poznamek zejména k vykladu témat/pojmui:

Definice krystalu

»Klasickd“ definice krystalu jako homogenniho
anizotropniho diskontinua je vhodnd (po fadném
vysvétleni vyznamu vSech tfech cizich slov !) jen pro tvod
do problematiky (podobné jako Chojnackého definice
krystalu coby homogenni faze, majici v rovnovdzném
stavu alespont jednu vlastnost anizotropni). Z hlediska
vnitini stavby krystalu jsou lepsi definice zalozené na
periodicité vnitinitho uspofadani (pozor v definicich
uzivajicich pojmu miiZze na zaménu pojmi krystalova
miiz(ka) x struktura!). Je tfeba vénovat pozornost pojmu
idealni krystal (100% idedlni krystal by vlastné vibec
nedifraktoval !) a porucham struktury. Mame-li zv1ast
vnimavé posluchace, popt. v pokrocilych prednaskach pro
V. ro¢nik lze samoziejmé uvést i ptipady krystalli bez
trojrozmérné periodicity (kapalné krystaly, kvazikrystaly)
a téma zavrSit novou rozsifenou definici krystalu jako
pevné latky, obsahujici maly pocet druhll stavebnich
jednotek a maly pocet druht jejich konfiguraci — zde jiz
neni periodicita nutnou podminkou krystalického stavu.
Tento piiklad je brilantni ukdzkou toho, jak se musela
definice upravit v disledku pokroku v experimentu (objev
péticetné symetrie difrakénich snimki).

Vyuziti modeli pfi vyuce symetrie

Je dle mého nazoru pro pochopeni naprosto nezbytné.
Uvedu nékolik prikladti pouzivanych na nasi katedre:

— model pseudosymetrie, tj. piipadu, kdy symetrie mfize
je vyssi nez symetrie struktury

— model vysvétlujici pro¢ neexistuje ,,dvojklonna*
soustava

— modely Bravaisovych buné¢k (pro¢ neni C, F
tetragonalni)

— model objasiujici souvislost klence (romboedru) a
Sesterecné soustavy

— moznosti modelovani nejtésnéjsiho usporadani kouli
V prostoru

— model fullerenu a fadu dalSich.

Dle nasich zkusenosti tento pfistup spolu s neustalym
kladenim problémovych otdzek muize piispét ke
skute¢nému pochopeni latky studenty a zamezit ¢astému
,.biflovani“ nazpamét' bez porozumeéni podstaty.

Teaching of kinematical theory of X-ray scattering by
real crystals

VYKLAD KINEMATICKE TEORIE
ROZPTYLU RTG ZARENi REALNYMI
KRYSTALY

R. Kuzel

Katedra fyziky elektronovych struktur, Matematicko
-fyzikalni fakulta, Ke Karlovu 5, 121 16 Praha 2

Dosud nejuplnéjsi formulace teorie rozptylu rtg zéfeni
realnymi krystaly byla vytvofena M.A. Krivoglazem [1,2].
Umoziyje klasifikovat defekty krystalové miize podle
jejich vlivu na difrakéni linie. Do kompaktnéjsi a tedy
nazorngjsi formy byla pfevedena P. Klimankem.

Zakladnim vztahem pro vypocet intenzity difrak-
tované realnym tedy poruSenym krystalem je

1.(8) I, N, ®}(g) exp(2nirg)

kde g je difrakéni vektor, I je intenzita difraktovana elek-
tronem, s¢ita se pies vzdalenost dvou elementarnich bunék
r. Ny je pocet pard téchto bunék vzdalenych o r, Clen
vyjadiujici velikost difraktujicich krystalitt, a @ je efek-
tivni strukturni faktor zahrnujici porusSenost krystalu

2(g) Fl(g)exp(2niii,g) (u; je rozdil vychylek z
rovnovaznych poloh vzdalenych o r, F je strukturni faktor).
Tento ¢len musi byt stfedovan prostorové (< >) i ¢asové

(). Metodou vhodnou pro interpretaci i vypoéty je
vydéleni braggovskych (8-funkci podobnych) maxim spo-
jenych s dalekym poradkem. Z celkové funkce pak zbyde
difuzni rozptyl. V obou vyse uvedenych stfedovanich to
pak znamena pficteni a odecteni jednoho Clenu, ve vysled-
ku - kvadrat stfedni hodnoty + fluktuace:

2 @
® 0 (D] D ?)

To znamend, Ze celkova intenzita je dana souCtem
braggovského maxima ( @ ?), difuzniho rozptylu

O ® *) a tepelného
’ p
®> ®? . Analyzou chovani prvnich dvou &leni pro

difuzniho rozptylu

ruzné typy defekti (jejich deformacni pole) dojdeme k
zaveéru, ze podstatna je rychlost ubyvani vychylek se vzda-
lenosti od poruchy. Defekty s rychle ubyvajicim defor-
macnim polem vedou k redukci intenizty braggovskych
maxim (staticky Debyetiv-Wallertv faktor), jejich posuvu
a difuznimu rozptylu - defekty 1. typu. Naopak poruchy s
pomalu ubyvajicimi vychylkami zlikviduji braggovsky
¢len (divergence prislusné sumy) a pozorujeme pouze
zhus$tény difuzni rozptyl - defekty 2. typu. K defektim
prvniho typu patii zejména bodové poruchy a jejich shluky,
precipitaty a malé disloka¢ni smycky, k defektiim druhého
typu pak dislokace.

Toto rozd€leni vychazi z fyzikalni podstaty jednot-

vvvvvv

~~~~~

urcitych koncentraci 1ze pozorovat zvlastni dublety brag-
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govskych a difuznich maxim a ktery dokladé ut’ite¢nost a
nazornost uvedeného pfistupu.

A NEW APPROACH TO TREATMENT OF
POWDER DIFFRACTION DATA

Lubomir Smréok

Institute of Inorganic Chemistry SAS, SK-812 36
Bratislava, Slovak Republic
e-mail : uachsmrk@savba.sk

The discrete wavelet transform (DWT) and the level-
dependent soft-thresholding method (MAD) can be applied
to any experimental data set in order to remove the statisti-
cal noise. Wavelets are a family of basis functions that can
be used to approximate measured signals either in one or in
multiple dimensions.

In this talk, examples of wavelet denoising of powder
diffraction patterns will be given. It was found that wavelet
denoising in contrast to polynomial filters neither shifted
nor distorted the diffraction profiles.

Another use of the above mentioned technique is its
application to the Rietveld refinement on powder data
(structure determination with atomic resolution). Crystal
structures of triclinic kaolinite, cubic HMT and a part of the
structure of a monoclinic rare sugar were refined using
wavelet compressed sets of intensities. It was found that ac-
curacy of refined positional parameters did not signifi-
cantly change. Similarly, quantitative phase analysis of a
three-component mixture done by Rietveld method pro-
vided very close estimates of phase composition. More-
over, application of DWT compressed data reduced the
time needed for the refinement by 50-60 %.

DETERMINATION OF CRYSTAL
STRUCTURES OF SUGARS BY
POTENTIAL ENERGY MINIMIZATION
METHOD

M. Durik

Institute of Inorganic Chemistry, Slovak Academy of
Sciences, Dubravska cesta 9, 842 36 Bratislava, Slovak
Republic

Crystal structures of two rare sugars (RKSA1 - mono-
clinic, P2, and RKSAS - hexagonal, P6,, both C;3H;N,05)
were predicted by potential energy minimization method.
Molecular models were build on the basis of the positions
of all atoms (40 atoms per molecule included hydrogens)
derived from already known crystal structures [1,2]. Mole-
cules were supposed to be rigid and no hydrogen bonds
were taken into account. Two types of atomic charges were
used: Mulliken (M) and those based on the fits to the mo-
lecular electrostatic potential (E). Potential energy was ap-
proximated as sum of three terms: electrostatic, attraction
and repulsion. The second and the third terms were evalu-
ated using empirical force fields. Two types of the force
fields were applied: Dreiding (D) [3] and Williams (W) [4].
Positions of rigid molecules within unit cell were sought in
eight simulation runs with twenty trial crystal structures per

run. Simulations were done with the cell parameters set to
the values obtained from the crystal structure (not opti-
mized) and with the cell parameters optimized. Potential
energy was minimized by global minimization method -
simulated annealing implemented in the program
Hardpack [5].

Subsequently, each generated powder pattern was
compared by means of Rietveld refinement [6] to experi-
mental powder diffraction pattern collected on a STOE
Stadi P diffractometer. Refined parameters were only a
scale factor, overall temperature parameter, W profile pa-
rameter and zero-point. In some cycles also lattice parame-
ters were included.

Correct crystal structures of both sugars were found in
the simulations done without optimization of the cell pa-
rameters, except for the M/D combination for RKSA1 and
E/D for RKSAS. Prediction with optimization of cell pa-
rameters for RKSA1 was successful in all four combina-
tions of atomic charge types and force fields. On the other
hand in the case of RKSAS5, calculations with optimized
cell parameters did not provide acceptable crystal struc-
tures.

[1] Steiner, B., Koo6s, M., Langer, V., Gyepesova, D., Smréok,
L : Carbohydr. Res., 311, (1998), p. 1-9.

[2] Langer, V., Gyepesova, D., Smréok, L., Steiner, B., Kods,
M. : Acta Cryst. (1999) Submitted.

[3] Cox, S., Hsu, L.-Y., Williams, D.E. : Acta Cryst., A37,
(1981), p. 293 - 301.

[4] Mayo, S.L., Olafson, B.D., Goddard III, W.A., : J. Phys.
Chem., 94, (1990), p. 8897-8909

[5] Rudert, R. : Hardpack, Acta Cryst., A52, (1996), C-94.

[6] Rodriguez-Carvajal, J. : FullProf 3.5, LLB (1998) Private
communication.

CRYSTAL STRUCTURES OF
LANTHANIDE COMPLEXES WITH
TETRAAZAMACROCYCLIC LIGANDS
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Albertov 2030, 128 40 Prague 2, Czech Republic

Complexation chemistry of yttrium and lanthanides is
widely investigated because of the importance of medicinal
use, e.g., gadolinium complexes as contrast agents in mag-
netic resonance imaging, yttrium-90 complexes in radio-
immunotherapy, and luminiscent europium and terbium
complexes as probes. To produce complexes with utilisa-
tion, it requires chelates with enhanced stability and kinetic
inertness. A number of aminopolycarboxylic acids both
acyclic and macrocyclic was tested . The first contrast
agent that was aplied in humans was [Gd(DTPA)(H,0)*
[1], soon followed by [Gd(DOTA)(H,O)] [2]. In addtion,
many derivatives of ligands were designed, synthesised
and studied to improve properties of contrast agents which
could both remain in the body longer and be targed toward
specific tissues.
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