
matice [7], a výpoèet analytických derivací intenzit
s využitím algoritmù pro derivace vlastních vektorù a
vlastních hodnot matice [8]. V oddìlení strukturní analýzy
je již po mnoho let vyvíjen krystalografický výpoèetní
systém Jana (souèasná verze Jana2006, [9]), a tento systém
chceme využít jako základ pro implementaci nové metody. 

Zá vìr

Nová laboratoø elektronové difrakce pøi Oddìlení
strukturní analýzy Fyzikálního Ústavu AV ÈR, v.v.i.
vznikla s cílem zavést, rozvinout a využívat metodu
precesní elektronové difrakce pro kvantitativní strukturní
analýzu krystalù už od velikosti nìkolika desítek nano -
metrù. Laboratoø je vybavena transmisním elektro novým
mikroskopem Philips CM120 a precesním zaøízením
SpinningStar. Cílem rozvoje experimentální i výpoèetní
metodiky je vývoj metody pro øešení a upøesòování
krystalových struktur nanokrystalù, a její aplikace na
souèasné problémy v oblasti materiálových vìd.
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In tro ducti on

Neu tron pow der diffractometer called MEREDIT is avail -
able for gen eral and ded i cated re search use in the Nu clear
Phys ics In sti tute in Øež from the be gin ning of the year
2009. Since that time we have made some very in ter est ing
mea sure ment us ing this in stru ment to gether with ap pli ca -
tion of all avail able sam ple en vi ron ments which the
diffractometer is equipped with. Un for tu nately most of the
de mand for the beam time came from the for eign in sti tu -
tions. So the pur pose of this pre sen ta tion is to bring to
Czech re search com mu nity the in for ma tion about the the
neu tron pow der dif frac tion in stru ment what is ac ces si ble
“at home” and dem on strate on sev eral ex am ples what the
neu trons dif frac tion can do and what kind of prob lems can
help with in point of view of the struc ture.

MEREDIT in stru ment

MEREDIT in stru ment is placed on the hor i zon tal chan nel
num ber 6 in the ex per i men tal hall of the light wa ter re ac tor
LVR15 in Øež. The lay out of the in stru ment is shown on
the Fig. 1. Three dif fer ent wave lengths of the neu trons
avail able for the dif frac tion ex per i ments can be se lected by
two au to mat i cally ex change able mono chro ma tors. The de -
tails about the sec ond ary neu tron beams is writ ten in the
Tab. 1. The multi-de tec tor bank con sists of 35 in di vid ual
3He de tec tors in front of each is 10’ Soller collimator. The

dif frac tion pat tern can be col lected from 2° up to 148° in 2q

with dif fer ent step size. 
For ded i cated mea sure ment use the in stru ment is

equipped with dif fer ent sam ple en vi ron ments. Vac uum
fur nace cov ers the tem per a ture range from room tem per a -
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ture up to 1000 °C and close cy cle cryostat goes from room
tem per a ture down to 10 K. Car ou sel for plac ing up to 6
pow der sam ples and Eu ler goniometer are also avail able. A 
spe cial de for ma tion rig per mits in-situ mea sure ments un -
der uni ax ial stress/pres sure or fa tigue cy cles. More in for -
ma tion about the in stru ment, sam ple en vi ron ments,
res o lu tion func tion etc. can be found on the web page of the 
instrument [1].

Advan tages and di sa dvan tages of using the ne -
utron diffracti on

The neu tron dif frac tion if very use ful probe tech nique be -
cause of these main ad van tages:

• deep sam ple pen e tra tion

• “see” the light el e ments

• dis tin guish ing of el e ments ly ing be side in pe ri odic
ta ble

• di rect in ter ac tion with mag netic struc ture
There also ex ist dis ad van tages. The main dis ad van -

tages are that for the neu tron dif frac tion ex per i ment you
need a large quan tity of the sam ple and the neu tron flux is
not so high – long counting time.

Let dem on strate on the real ex am ples mea sured on
MEREDIT in stru ment the above men tioned ad van tages
and try to com pare the re sults with X-ray dif frac tion ex per -
i ments.

Deep sam ple pe ne trati on

This ad van tage al lows you to use vast kind of closed sam -
ple en vi ron ments (fur nace, cryostat, mag net, etc.). In other
hand you will col lect the in for ma tion from the whole vol -
ume of your sam ple – use ful when study ing in ter nal

changes in the sam ple (re sid ual ma te rial stress/strain) or
want to use non-de struc tive in ter nal probe for ex. cul tural
her i tage in ves ti ga tion.

“See” light ele ments

In some cases  im por tant prop er ties of ma te rial is bind with
the light el e ments such as O, N, C or H(D). Such kind of el -
e ments is hardly pos si ble to “see” by X-ray dif frac tion but
neu trons pro vide very pow er ful tool to de scribe them. In
the Fig. 2 are elec tron and nu clear den sity cal cu lated from
the X-ray and neu tron pow der dif frac tion data of lan tha -
num sil i cate, re spec tively. It is clearly vis i ble that the “vis i -
bil ity” of the ox y gen at oms which is cru cial for this
ox y gen-ion con duc tive ma te rial is lim ited in the case of the
X-ray dif frac tion. The hy dro gen stor age ma te ri als are also
very im por tant kind of ma te ri als what can be stud ied by the
neu tron dif frac tion. Es pe cially in the point of view of con -
tent of the hy dro gen that is en ter to the struc ture. Ex am ple
of such in ves ti ga tion is made on the intermetallic com -
pound ScAl0.8Mg0.2 [2].

Distin guishing of ele ments ly ing be side in pe ri o dic table

Scat ter ing am pli tude for X-ray in creases with the atomic
num ber but in the case of neu trons it is not de pend ent on
po si tion in the pe ri odic ta ble. In some case as for ex. Mn or
Ti the scat ter ing am pli tude is even neg a tive. It means that
we are able dis tin guish two at oms be side in pe ri odic ta ble
(Fe/Mn) and say if these at oms are in the struc ture or dered
or not. The ex am ple is given in the fer ro mag netic ma te rial
FeMn(Si0.5P0.5) stud ied by X-ray and neu tron dif frac tion.
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Fig ure 1. Lay out of the MEREDIT in stru ment.



Di rect in teracti on with mag ne tic structu re

Due to the fact that neu tron pos ses the spin what can in ter -
act with the spins in the sam ple we can get by us ing neu tron 
dif frac tion the in for ma tion about the mag netic struc ture.
Even the neu tron dif frac tion can solve the com plex mag -
netic struc tures the ex am ple of how the spin ar range ment is 
“vis i ble” by neu trons is made on sim ple struc ture of FeS.
FeS shows the antiferromagnetic struc ture with prop a ga -
tion vec tor k=(0, 0, 0).

Conclu si on

Con tri bu tion to solve some kind of prob lems by us ing the
neu tron pow der dif frac tion can be very sig nif i cant. So
don’t think of neu tron pow der dif frac tion as a com pet i tive
method to the X-ray or elec tron dif frac tion but as a com ple -
men tary tool which can push you fur ther in your in ves ti ga -
tion. More over no tice that we have such tool now in the
Czech re pub lic and it is open for col lab o ra tion.
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Fig ure 2. Nu clear (left) and elec tron (right) den sity map of the plane (001) at z = ¼ of the lan tha num sil i cate.


