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STEREOCHEMISTRY OF COMPLEXES OF LANTHANIDE IONS FOR MEDICINAL
USE: RELATIONS BETWEEN STRUCTURE AND FUNCTION

Pavel  Vojtíšek

De part ment of In or ganic Chem is try, Fac ulty of Sci ence, Charles Uni ver sity, Hlavova 2030, Prague 2, 128 43, 
Czech Re pub lic, pavojt@natur.cuni.cz

Polyazacycles with co or di nat ing pen dant arms are su pe rior 
lig ands for lanthanide ions [1,2]. Polydentate lig ands, such
as 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic
acid (H4 dota) and sim i lar lig ands, form ther mo dy nam i -
cally and kinetically sta ble com plexes even with la bile
metal ions such as the tri va lent lanthanides [2]. Prop er ties
of such lig ands have been in ves ti gated when de sign ing
mag netic res o nance im ag ing (MRI) con trast agents [3]
based on Gd3+ and di ag nos tic/ ther a peu tic radio pharma -
ceuticals uti lis ing metal radionuclides such as 90Y, 64,67Cu,
111In, etc. [4]. In search for other lig ands with sim i lar or
better prop er ties than com mon ac e tate de riv a tives, re search 
has also been fo cused on syn the sis and in ves ti ga tion of
azamacrocycles with phosphonic [5] or phosphinic [6] ac -
ids groups on pen dant arms. 

This lec ture is fo cused on a stereochemistry of cyclen
de riv a tives con tain ing ace tic acid pen dant arms,
methylphosphonic or methylphosphinic acid pen dant arms
and the sim i lar de riv a tives are also in cluded in con sid er -
ation. 

All of the struc tures show that the all H4dota-like lig -
ands are octadentate co or di nated to a lanthanide(III) ion,
i.e., form ing O4 and N4 planes that are par al lel and have
mu tual an gle smaller than 3°, even at cases of un sym met ri -
cal lig ands [7]. The lanthanide(III) ions lie be tween these
planes, closer to the O4 base than to the N4 plane. All of the 
struc tures pres ent the lanthanide(III) com plexes in their

twisted-square-antiprismatic con fig u ra tion (TSA‘ – CN8)

with or in square-antiprismatic con fig u ra tion (SA‘- CN8).
The co or di na tion shells can be ful filled by one wa ter mol e -
cule over the cen ter of the O4-square; the con fig u ra tions
TSA with CN9 and SA with CN 9 are thus ob tained. 

In view of po ten tial uti li sa tion of the com plexes as con -
trast agents, an im por tant fea ture of these struc tures is the
po si tion of the wa ter mol e cule. The changes in the co or di -
na tion of wa ter mol e cule in the the type of com plexes de -
pend on the ge om e try of the O4 plane as it fol lows from
Chart 1.

We found [8] that for the de ci sion on whether wa ter
mol e cule can or can not be co or di nated (change of CN from 
8 to 9), a cru cial point seems to be the O – Ln – O an gle as

shown in Chart 1 (an gle j). If the value of an gle j is la ger
than 131°, co or di na tion of wa ter mol e cule is pos si ble and
the con fig u ra tions TSA or SA, both with CN 9, are ob -
served; if it is smaler, the space above the O4 plane is too
small for the co or di na tion shell ex pan sion. The con fig u ra -
tions TSA‘ or SA‘ with CN 8 are hence ob served in these
cases. It is expectable that struc tures with CN 9 will be
more pre ferred for larger lanthanides [8]. But the pos si bil -
ity to en large the co or di na tion num ber (CN) does not de -
pend only on is not an ionic radius of metal ion.     

The dis tance be tween N4 and O4 planes d (see Chart 1)
is an other im por tant stereochemical pa ram e ter. These val -
ues are de picted in Fig. 1 and they are al most in de pend ent
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Chart 1. Sche matic Draw ing of the Com plexes with the De picted Struc tural Pa ram e ters : Twist An gle w, Open ing An gle j, O4-plane,
N4-plane, and theirs dis tance d.



on lanthanide ra dius. From the fig ure, it is clear that the dis -
tance found for all phos pho rus de riv a tives are in the range
2.63–2.82 C. The dis tances ob served for the H4dota and 
H4dota-tetraamide are split into two groups. The H4dota
com plexes of La(III), Ce(III), and Tm(III) with the value of 
ca. 2.5 C cor re spond to the TSA (La, Ce) or TSA‘  (Tm) ge -
om e try, and the other lanthanide(III) com plexes with the
value of ca. 2.3 C con form to the SA ar range ment. As
shown above in the plot (Fig.1), H5do3ap com plexes
(ligand with both car boxyl- and phos pho rus pen dant arms)
ex hibit the dis tance of ca. 2.5 C and, thus, fol low the range
of H4dota com plexes with the TSA and TSA‘ ar range ments 
(with and with out a co or di nated wa ter mol e cule, re spec -
tively). 

We can also dis tin guish two main point clus ter in a
(non-de picted there!) plot of the dis tance be tween N4 and

O4 planes as a func tion of twist an gle w (see Chart 1): a

com pact high-den sity clus ter (w 36°- 40°; dis tance of the
planes near 2.35 C) cor re spond ing to the SA iso mer and a

scat tered clus ter (w  22°- 32°; d  2.5 C – 2.75 C) con tain ing
two groups  be long ing to the TSA iso mers. The ar range -
ment of the points in di cates that the struc ture of the TSA
iso mers is not as rigid as that of the SA iso mers, be ing
much more in flu enced by some other in ter ac tions. The
com par i son in di cates that the TSA vs SA iso mer pref er -
ence is based on the ge om e try of the do nor atom cav ity,
which is de fined by the ligand, and the size of a
lanthanide-(III) ion. The ge om e try and re sult ing size of the
cav ity in com plexes of non-phos pho rus H4dota-like lig -
ands can be gov erned only by ro ta tion of the pen dants. This 
ro ta tion leads to the dif fer ent val ues of dis tances d. The SA
ar range ment should be pre ferred be cause of the lower re -
pul sion of the do nor at oms. Large lanthanide ions such as
La(III) and Ce(III) en force a larger cav ity and thus the
N4-O4 dis tance of 2.5 C or higher and the for ma tion of the
TSA iso mer are mostly re quired for their com plexes. As
the ra dius of the Ln(III) de creases, the ion moves to the N4
plane, as was doc u mented in [8]. For non-phos pho rus
H4dota-like lig ands, the shorter dis tance be tween the

planes is ad e quate for the Ln(III) af ter Ce, and thus, the for -
ma tion of the SA iso mer is pre ferred.

In phosphonic and phosphinic acid de riv a tives, the pen -
dants show a dif fer ent ge om e try re sult ing from the tet ra he -
dral ar range ment of the do nor groups, and in ad di tion, the
C-P and O-P bonds are lon ger than the C-C and O-C in the
ac e tate pen dant. There fore, the lig ands even with only one
phosphonic acid group pre fer lon ger dis tances O4-N4
planes and the formation of TSA iso mer. The ligand cav ity
in TSA iso mers of the small lanthanides is not rigid, as the
plot twist an gle ù vs dis tance d be tween N4- and O4- planes 
dem on strates.

Plots men tioned above for a num ber of Ln(III) com -
plexes shows that the ar range ment of the TSA iso mers is
flex i ble but the higher dis tance from O4-plane to Ln(III)

can in duce smaller value of openning an gle w (see Chart 1)
and the co or di na tion shell ex pan sion is more dif fi cult. On
the other hand, the ar range ment of the SA iso mers is rigid
but the Ln(III) ion is lo cated nearer to O4-plane and the co -
or di na tion shell ex pan sion is fa voured. Com plexes of
mono- and diphosphorus [9] acid de riv a tives make just a
bor der line be tween com plexes of lig ands with ac e tate pen -
dants  and phos pho rus acid pen dants.

The de sign of new MRI con trast agents should con sider 
that the ex clu sive for ma tion of the com plexes with the
more flex i ble TSA con fig u ra tion might lead to a too-long
Gd-Ow dis tance, thus de creas ing the over all relaxivity[10].
The co or di na tion of wa ter mol e cule is eas ier for more rigid
SA iso mers but slower wa ter ex change leads to de creas ing
the over all relaxivity.   

The stereochemical anal y sis of co or di na tion poly he dra
in lanthanide com plexes with H4dota-like lig ands can dem -
on strate the ef fect of even slight struc tural dif fer ences on
the de sign of new MRI con trast agents. 
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Fig ure 1. De pend ence of dis tance be tween the O4 and N4 planes
in com plexes of H4dota-like lig ands on the lanthanide: H5do3ap
(open red cir cles), H4dota (open or ange squares), lig ands with
four phos pho rus at oms (full green tri an gles), and H4dota-amides
(full blue tri an gles) (Fig. from [7]).
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STRUC TURE TYPES IN THE IN OR GANIC CRYS TAL STRUC TURE DA TA BASE ICSD 

F. Laufek

Czech Geo log i cal Sur vey, Geologická 6, 152 00, Praha 5, frantisek.laufek@ge ol ogy.cz

In or ganic Crys tal Struc ture Da ta base (ICSD), de vel oped
and main tained by Fachinformationszentrum Karlsruhe,
rep re sents a ba sic struc tural da ta base of in or ganic com -
pounds. The ICSD [1] com prises such a com pre hen sive
col lec tion of more than 100,000 de ter mined crys tal struc -
tures of in or ganic ma te ri als (in clud ing intermetallic com -
pounds and oxa lates). It con tains all avail able
crys tal lo graphic data of those crys tal struc tures that have
been pub lished since 1913. The ed i to rial team con tin u -
ously ex tracts and ab stracts the orig i nal data from over 80
lead ing sci en tific jour nals and ad di tional 1,900 sci en tific
jour nals. The ICSD is up dated twice a year, each time add -
ing ap prox i mately 3,000 new re cords. The en tries are
tested for for mal er rors, plau si bil ity and log i cal con sis -
tency. The data are stored as pub lished; they are not be ing
stan dard ized.  

Since 2005, FIZ Karlsruhe be gan to in tro duce struc ture
types into ICSD da ta base [2]. The whole idea of struc ture
types is based on non-mod u lar cat e go ries of sim i lar ity be -
tween in or ganic crys tal struc tures de fined in the IUCr re -
port [3]. The two most im por tant of them – isopontial and
isoconfigurational struc tures – proved to be suf fi cient to
serve as the o ret i cal con cepts in in tro duc tion of struc ture
types into the ICSD da ta base. The main prob lem of the as -
sign ment of struc tural types is the sub di vi sion of isopontial
struc tures (i.e. struc tures with equal space groups and
Wyckoff-se quences de scrib ing oc cu pied atomic po si tions)
in sev eral, well-de fined struc ture types. For this sub di vi -

sion the fol low ing cri te ria are used: ax ial ra tio c/a, ß range,
crys tal lo graphic com po si tion (ANX for mu lae), nec es sary
and for bid den el e ments. For as sign ment of most struc ture
types are these cri te ria suf fi cient. Only in a few cases also
the atomic co or di nates must be in spected as an ad di tional
cri te rion [4].  A fi nal cri te rion that must be ful filled be fore
a new struc ture type is in tro duced into the ICSD is that it
must rep re sent the struc tures of at least three dif fer ent com -
pounds with the same given struc ture [2].  

 In 2008, 59,000 struc tures out of 100,000 struc tures in
the ICSD were clas si fied into 2500 struc ture types. The
most fre quent are spinel (Al2MgO4), ha lite (NaCl) and
perovskites (CaTiO3 and GdFeO3). Be cause about 1/3 of
the struc tures in ICSD have no isotypic coun ter parts, the
as sign ment of struc tures to cer tain struc ture types will be
nearly fin ished [4]. Prob lems con nected with stan dard iza -
tion of crys tal struc ture data and other spe cial struc tural re -
la tion ships will be briefly dis cussed, too.  

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

2.   R. Allman & R. Hinek,  Acta Cryst., A63, (2007),
412.

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

4.    R. Allman, Ab stract of 16. Jahrestatung der DGK,
(2008), V48.
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ADVANCES AND PROBLEMS IN PROTEIN CRYSTALLOGRAPHY
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 2In sti tute of Or ganic Chem is try and Bio chem is try AS CR, Struc tural Bi ol ogy, Flemingovo nam.2, Prague 6,

Czech Re pub lic
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Since the first pro tein struc ture was de ter mined in 1958, the 
pro tein crys tal log ra phy field has un der gone enor mous
prog ress and de vel op ment. In this pa per, the cur rent state
and fu ture de vel op ment of pro tein crys tal log ra phy is re -
viewed and dis cussed.
The rate of struc ture de ter mi na tion has ac cel er ated mainly
due to the in tro duc tion of new al go rithms and com puter
pro grams for dif frac tion data col lec tion, struc ture so lu tion,
re fine ment, and pre sen ta tion. The data col lec tion pro cess
with cur rent X-ray sources, de tec tors and com puter soft -
ware is one of the eas i est and most au to mated steps in pro -
tein crys tal log ra phy. Us ing cryocooled pro tein crys tals
re duces the prob lem of ra di a tion dam age, and high in ten -

sity syn chro tron ra di a tion al lows data col lec tion from
smaller pro tein crys tals which were pre vi ously un us able.
Also, phas ing pro ce dures have evolved dra mat i cally in re -
cent years. With ac cu rately mea sured dif frac tion data, use
of anom a lous sig nal for phase es ti ma tion is pos si ble. The
avail abil ity of many dif fer ent pro tein fold mod els  al lows 
use of mo lec u lar re place ment for about half of all struc -
tures cur rently de pos ited in the Pro tein Data Bank (PDB).
Ad vances in com puter soft ware for model build ing and re -
fine ment as well as com puter graphics al low for
user-friendly and even au to matic model build ing and re -
fine ment.
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The achieve ments of pro tein crys tal log ra phy would be
very lim ited with out ad vances in mo lec u lar bi ol ogy tech -
niques of pro tein prep a ra tion and char ac ter iza tion. Many
tech niques of pro tein crys tal li za tion are now avail able and
used for per form ing crys tal li za tion tri als in small vol umes
and au to matic ex ten sive screen ing of mul ti tudes of ini tial

crys tal li za tion con di tions. Still, a ma jor bot tle neck re mains 
in the prep a ra tion of well dif fract ing pro tein crys tals.

Au thor’s re search was sup ported by pro ject no.
AV0Z50520514 and AV0Z40550506 awarded by the Acad -
emy of Sci ences of the Czech Re pub lic. The au thor thanks
Devon Maloy for crit i cal proof read ing.
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NEW GROUP OF X-RAY CRYSTALLOGRAPHY AT THE INSTITUTE OF
BIOTECHNOLOGY AS CR

Bohdan Schnei der

In sti tute of Bio tech nol ogy AS CR, v.v.i., Vídeòská 1083, CZ-142 20 Prague, Czech Re pub lic

In sti tute of Bio tech nol ogy AS CR, v.v.i. (IBT) was
founded in 2008 with the goal to con duct cut ting-edge re -
search on top ics suit able for di ag nos tic and ther a peu tic ap -
pli ca tions in hu man med i cine and to serve as a nu cle ation
cen ter of BIOCEV (Bio tech no log i cal Cen ter Vestec), the
planned bio tech no log i cal re search cen ter of the Acad emy
of Sci ences and Charles Uni ver sity that is to be built at
Vestec near Prague by year 2012 with the sup port of the
Eu ro pean Re gional De vel op ment Funds. Struc tural bi ol -
ogy, namely X-ray crys tal log ra phy, will be an im por tant
meth od ol ogy at BIOCEV. To nu cle ate fu ture crys tal log ra -
phy group(s) at BIOCEV we have started to build a crys tal -
log ra phy lab o ra tory as a part of Dr. Šebo Lab o ra tory of
pro tein ligand en gi neer ing at IBT. Cur rently, the lab o ra -
tory is fully func tional from ex pres sion and pu ri fi ca tion of

Prokaryotic pro teins to struc ture re fine ment. Be sides the
stan dard equip ment for ex pres sion and pu ri fi ca tion, we
have com pleted a crys tal li za tion room op er ated at 18 °C
with ste reo mi cro scope Olym pus SZX-16 and a dif frac tion
lab with ro tat ing an ode Rigaku RU-H3R with im age plate
de tec tor Raxis4 and cryo-pro tec tion Cooler 600 by Ox ford
Cryosystem. This pre vi ously used dif frac tion sys tem is a
gen er ous gift by Prof. Ste phen Neidle and Dr. Gary Par kin -
son from School of Phar macy, Uni ver sity of Lon don, UK.
Staff of the X-ray lab in cludes four peo ple in clud ing a
full-time tech ni cian. The fa cil ity is well equipped for train -
ing pur poses and for test ing dif frac tion qual ity of crys tals.
It is go ing to be op er ated as an open fa cil ity for any
non-profit re search group.

CL1 

DIFFRACTED-BEAM ANALYZER WITH MULTIPLE SINGLE CRYSTALS FOR HIGH
RESOLUTION PARALLEL-BEAM X-RAY DIFFRACTION

Ladislav Pína1, Hideo Toraya2  
1Rigaku In no va tive Tech nol o gies Eu rope s.r.o., Novodvorská 994, Praha4, Czech Re pub lic 

2Rigaku Co., To kyo 196-8666, Ja pan

A sin gle-crys tal an a lyzer is one of the best choices as an
X-ray op ti cal de vice for ob tain ing high an gu lar res o lu tion
and low back ground in ten si ties in pow der and thin-film
dif frac tion ex per i ments. High est per for mances re gard ing
the an gu lar res o lu tion and in ten si ties can be ob tained when
a sin gle-crys tal an a lyzer is cou pled with a par al lel-beam
ge om e try. In syn chro tron ra di a tion (SR) ex per i ments, a
high bril liance par al lel beam can be ob tained from
undulator or even bend ing mag net light sources. A sin -
gle-crys tal an a lyzer has been com monly used for
diffractometer scans at many beam-lines at SR fa cil i ties
world wide. In ten sity gains in high-an gu lar-res o lu tion and
high-speed ex per i ments at sev eral SR fa cil i ties around the
world have been fur ther mul ti plied by us ing mul ti ple-de -
tec tor sys tems, each of which con sists of sev eral per fect
crys tal an a lyz ers. With a lab o ra tory X-ray source, dif -
fracted in ten si ties from a sin gle-crys tal an a lyzer are lower
than those from a SR source. A pop u lar way to im prove

high dif frac tion in ten si ties is to use a ro tat ing an ode gen er -
a tor and/or a graded multi-layer mir ror. An other way may
be the use of a mul ti ple-de tec tor sys tem sim i lar to those
pres ently used in sev eral SR fa cil i ties. How ever, the lat ter
choice makes the diffractometer sys tem more com plex and
also very ex pen sive.

In the pres ent study, a new high-per for mance dif -
fracted-beam an a lyzer con sist ing of sev eral per fect crys tals 
in a sim ple and com pact de vice is pro posed to in crease the
dif fracted in ten si ties by one or der of mag ni tude com pared
to those of a sin gle-crys tal an a lyzer. It is com monly be -
lieved that an an a lyzer with high an gu lar res o lu tion can not
be used to gether with one- or higher-di men sion de tec tors.
In this pre sen ta tion, a new tech nique us ing a dif -
fracted-beam an a lyzer with mul ti ple sin gle crys tals to -
gether with a one-di men sional silicon strip detector will be
presented.
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EXPERIENCE WITH THE 1D SILICON STRIP LYNXEYE DETECTOR

J. Maixner

Cen tral Lab o ra to ries, In sti tute of Chem i cal Tech nol ogy Prague, Technická 5, 166 28 Prague 6, 
Czech Re pub lic, maixnerj@vscht.cz

The LynxEye  is a 1-di men sional de tec tor for X-ray pow -
der dif frac tion based on Bruker sil i con strip tech nol ogy ca -
pa ble to de tect the X-ray en ergy from 6 keV to 15keV. The

ac tive area of the de tec tor is 14.4 ´ 16mm and con sists of
192 strips which act as in di vid ual de tec tors. Each strip is 75 

mm wide and its max i mum lo cal count rate is about 650.000 
cps, so the max i mum global count rate of the de tec tor is
about 100.000.000cps. The max i mum 2-theta range si mul -
ta neously cov ered is 3.773° in the case of 435 mm mea -
sure ment cir cle di am e ter. It is the main te nance–free
de tec tor with no need for count ing gas, cool ing wa ter or
liq uid ni tro gen. It can be used not only as 1-D de tec tor but
as well as 0-D de tec tor with XRD Com mander ver sion 2.6
or higher. The 0-D ver sion seems to be use ful for the ad -
just ment of the diffractometer and for per form ing some
type of scans like rock ing curve or tube scan which are not
avail able in 1-D mode.  

The LynxEye de tec tor can dra mat i cally in crease of
about 200 times the count ing sta tis tics re spect to a point de -
tec tor which can bring the fol low ing ben e fits.

• The num ber of mea sured pow der pat terns(stan dard

amount of sam ple 100-200 mg) may be about
5-10/hour with much better count ing sta tis tics re -
spect to a point de tec tor – a higher through put rate of
the dif frac tion sys tem, im prov ing de tec tion lim its of

crys tal line phases up to 0.1%. Even weak re flec tions
can be iden ti fied mak ing qual i ta tive phase anal y sis
faster and more re li able 

• Pos si bil ity to mea sure low amount of sam ple (1 mg

-100 mg) in a rea son able time from 1-10 hours pro -
duc ing pow der pat terns suit able for qual i ta tive phase 
anal y sis – X-ray microdiffraction

• Pos si bil ity to mea sure sam ple fixed into cap il lary
(about 20mg) pro duc ing al most tex ture-free pow der
pat terns or to mea sure un sta ble com pounds

• Pos si bil ity to per form tem per a ture de pend ent mea -
sure ments to study phase trans for ma tion in situ. If
the 2-theta range can be lim ited to 3.773°, the PSD
fix scan may be used and sta tis ti cally rea son able
pow der pat tern col lected in 6s, so the sam ple can be
con tin u ously heated with the speed of 10°C/min and
re sults com pared with DTA or TGA mea sure ments 

1.  LynxEye De tec tor User Man ual, Bruker AXS GmbH,
Karlsruhe, Ger many, May 14, 2008.

This work was sup ported by pro ject 203/07/0040 of the
Grant Agency of the Czech Re pub lic and pro ject MSM
2B08021 of the Min is try of Ed u ca tion,Youth and Sports of
the Czech Re pub lic.
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NEUTRON POWDER DIFFRACTION IN NUCLEAR PHYSICS INSTITUTE OF ASCR

Pøemysl Beran

Nu clear Phys ics In sti tute of ASCR and Re search Cen tre Øež, Ltd., 25068 Øež, Czech Re pub lic
pberan@ujf.cas.cz

Re search team of the Nu clear phys ics in sti tute has long
time ex pe ri ence with the neu tron dif frac tion. The dif frac -
tion in stru ments used up to now were ded i cated for study -
ing mainly the strains and stresses in the bulk ma te ri als but
clas si cal pow der dif frac tion was miss ing. This free space
was filled by the new pow der diffractometer that was build
and made op er a tional in the sec ond half of 2008.

Nu clear phys ics in sti tute ac quired multidetector bank
from the re cently closed re search re ac tor in Studtsvik in
Swe den. Around this multidetector as a base part new in -
stru ment was build that would like to open the neu tron
pow der dif frac tion tech nique to large num ber of new re -
search ers and teams that want to dis cover ad van tages of
neu tron pow der dif frac tion or re searches us ing in ter na -
tional neu trons fa cil i ties to make first rea son able ex per i -
ments near home lab o ra tory with eas ier ac cess.

This new in stru ment is called MEREDIT (Me dium res -
o lu tion diffractometer) and it is in cor po rated in to the in ter -
na tional NMI3 (In te grated In fra struc ture Ini tia tive for
Neu tron Scat ter ing and Muon Spec tros copy) pro ject.
Within this pro ject col lab o ra tion and ex pe ri ence ex change
with other lab o ra to ries and in sti tu tions is pos si ble.

The MEREDIT in stru ment (Fig. 1) is placed at the hor i -
zon tal chan nel num ber 6 in the re ac tor hall of LWR15
(Light wa ter re ac tor) in Øež. The de fault re ac tor op er a -
tional power is 10MW and its op er a tion/standby sched ule
is 3/1 week. The diffractometer con sists of two large
HUBER goniometer cir cles. The smaller one pro vides
enough space for plac ing the dif fer ent sam ple en vi ron -
ments such as a cryostat, fur nace, Eu ler goniometer, de for -
ma tion rig, etc. The de tec tor bank is mounted in a moulded
neu tron shield ing made from bo ron car bide pow der in ep -
oxy resin. The bank con sists of 35 3He coun ters with cor re -
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spond ing 10’ Soller collimators. They are all in di vid u ally
ad just able and set at an gu lar in ter vals of 4.00 de grees. The
de tec tor bank moves on air pads, which pro vides to gether
with the step ping mo tor po si tion ing ac cu racy down to 0.01

de gree in 2q. Dif frac tion pat tern can be col lected in the an -

gu lar range from 2 to 148 de grees in 2q. 
Three dif fer ent wave lengths can be se lected us ing two

dif fer ent au to mat i cally ex change able mono chro ma tors.
The de tails about the mono chro ma tors and cor re spond ing
sec ond ary beam pa ram e ters are given in the Ta ble 1.

All mov able parts are driven by step ping mo tors and
con trolled by PC. The data from 35 coun ters are col lected
us ing two 24-chan nel Tedia cards. All com mu ni ca tion and
data col lec tion is made with help of the spe cial soft ware
ReMeSys (Reg u la tion and Mea sure ment Sys tem). This
soft ware is un der con tin u ous de vel op ment to pro vide the
best in ter face for out dif frac tion in stru ments and can eas ily
adopt new ex ten sions and ex per i men tal needs. The ex per i -
ment flow is con trolled by scripts writ ten in Pascal like lan -
guage what pro vide high flex i bil ity needed for au to ma tion
of com plex ex per i ments.

There are sev eral sam ple en vi ron ments to en hance the
mea sure ment abil ity of the in stru ment: vac uum fur nace
able to cover the mea sure ment from the room tem per a ture
up to ~1000 °C; close cy cle cryostat op er at ing from room
tem per a ture down to ~10 K. For tex tured sam ples, it is also
pos si bil ity to mount up the Eu ler goniometer. A spe cial de -

for ma tion rig per mits in-situ mea sure ments un der uni ax ial
stress/pres sure or fatigue cycles (see Fig. 2). 

Col lab o ra tions with ex ter nal re search ers were es tab -
lished and the first in ter est ing re sults of dif frac tion stud ies
of inter-phase strain in the ZrO2/TiCN ce ram ics (Cath o lic
Uni ver sity of Leuven, Bel gium, see Fig. 3) or hy dro gen
stor age ma te ri als ScAl0.8Mg0.2 (Uni ver sity of Uppsala,
Swe den) are ready to be pub lished. By us ing the de for ma -
tion rig we stud ied in col lab o ra tion with the In sti tute of
Physic of Ma te ri als of ASCR the de for ma tion of TRIP or
chro mium-alu minium steels. Oc ca sion ally the in stru ments

is also used as a test ing fa cil ity for ori en ta tion the sin gle
crys tals used for de vel op ment of the new mono chro ma tors.

In col lab o ra tion with the Fac ulty of Math e mat ics and
Phys ics of the Charles Uni ver sity we plane to use this neu -
tron pow der diffractometer for study of the mag netic struc -
ture of intermetallic compounds.

The MEREDIT in stru ment has the power to be uni ver -
sal neu tron pow der diffractometer which pro vide easy ac -
cess to the ad van tages of neu tron dif frac tion tech nique and
the re search ers are wel come to try and taste the neu tron sci -
ence in prac tice.

Au thor would like to thank for fi nan cial sup port from Re -
search Cen tre Rez (MSM2672244501).
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Fig ure 2. In-situ de for ma tion mea sure ment with de for ma tion rig
on the MEREDIT in stru ment.Fig ure 1. MEREDIT in stru ment: the de tec tor bank of 35 3He

coun ters is moved on air pads. The cen tral HUBER goniometer
pro vides enough space for plac ing the ex ten sions. The beam size
is ad just able by mov able slits (mid dle-right).

Mo nochro ma tor Re fle xi on Wa ve len gth (C)
Mi ni mum Dd/d

(x10-3)
Ne utron flux (n.cm-2.s-1) Beam size

3 bent Si 

sin g le crys tals

422 1.271 3.9 (at 56 °2q) ~8.8 ´105 2 ´4 mm2

311 1.877 4.4 (at 59 °2q) ~8.6 ´105 2 ´4 mm2

3 mosaic Cu crys tals 220 1.460 4.9 (at 71 °2q) ~3.6 ´106 42 ´4 mm2

Ta ble 1. Mono chro ma tors and sec ond ary beam de tails
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Fig ure 3. Mea sured and cal cu lated neu tron dif frac tion pat tern of sintered ZrO2/TiCN ce ramic sam ple. Pat tern was mea sured
with step of 0.05° and de lay of 200 sec onds per one step (to tal ex per i ment time 4.5 hour).


