
Ó Krystalografická spoleènost

k36 Struktura 2008 - Lec tures Ma te ri als Struc ture, vol. 15, no. 2a (2008)

SL11

REFINEMENT OF MAGNETIC STRUCTURES IN JANA2006

V. Petøíèek and M. Dušek

In sti tute of Phys ics of  the  ASCR,  v. v. i., Na Slovance 2, CZ-182 21 Praha 8, Czech Re pub lic
petricek@fzu.cz

Keywords: crys tal struc ture anal y sis, mag netic struc tures,
mod u lated struc tures

The pro gram Jana is well known sys tem for so lu tion and
re fine ment of reg u lar, mod u lated and com pos ite crys tals.
Jana was orig i nally ori ented to data col lected from a sin gle
crys tal with a wide sup port for han dling of twinning. In the
ver sion Jana2000 the pro gram was gen er al ized for struc -
ture re fine ment from pow der data in clud ing multiphase op -
tion [1]. Fi nally the multiphase op tion has been gen er al ized 
for a sin gle crys tal re fine ment.

Dur ing the year 2006 the old code of Jana2000 has been 
com pletely re writ ten in or der to open pos si bil ity for add ing 
var i ous new op tions. Prob a bly the most im por tant change
is the op tion for mak ing joint re fine ments from dif fer ent
data col lec tions. Thus data sets from pow der and sin gle
crys tal mea sured with X-rays and neu trons can be used si -
mul ta neously.

The mag netic scat ter ing for mal ism has been im ple -
mented re cently. The pro gram can be used not only for
struc tures hav ing nu clear and mag netic lat tices iden ti cal
but also for com men su rate and in com men su rate mag netic
and nu clear ar range ments. For this rea son we have gen er al -
ized con cept of superspace groups, as in tro duced by
Janner, Janssen and de Wolff [2], to mag netic groups. Such 
an ap proach has fol low ing ad van tages:  

• Sim ple re la tion ship to the Laue dif frac tion group fa -
cil i tates sym me try rec og ni tion

• The mag netic struc ture can be han dled even for reg u -
larly mod u lated and com pos ite crys tals

• The gen eral mod u la tion wave can ac count for com -
pli cated mag netic mod u la tion – more har mon ics,
step like mod u la tions, …

The only dis ad van tage is that the new for mal ism may
be too com pli cated for peo ple with out an ex pe ri ence with
superspace de scrip tion.  

Cal cu la tion of mag netic struc ture fac tor, which is gen -
er ally a vec tor, is based on the gen eral equa tion: 
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where p is a nor mal iza tion con stant to trans fer mag netic
scat ter ing cal cu lated in Bohr mag ne tos to the scale used for 
nu clear neu tron struc ture fac tors,  fi(h) mag netic form fac -
tor, Ti(h) is the ADP (tem per a ture) fac tor and Mi is the
mag netic mo ment of the ith atom. The geo met ri cal part 

exp(2pihri) is a func tion of the atom po si tion. In ten sity of a 
mag netic re flec tion is re lated to the square length of the
mag netic struc ture fac tor pro jected into the re flec tion
plane:
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The in ten sity of the mag netic re flec tion com bines with the
in ten sity orig i nat ing from the nu clear scat ter ing. The com -
bi na tion is made as from in de pend ent object (twins):

I I IN M( ) ( ) ( )h h h= +

The mag netic mo ments of at oms can fol low the same trans -
la tion pe ri od ic ity of the nu clear struc ture or they can have
their own pe ri od ic ity ei ther com men su rate or in com men -

Fig ure 1. The pi lot win dow for rep re sen ta tive anal y sis for the
space group P4/mmm.

Fig ure 2. The mag netic or der ing for BiNPO5 as re fined by
Jana2006.
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su rate with the nu clear lat tice. Gen er ally the mag netic mo -
ment can be writ ten as a com bi na tion of harmonic functions:
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The superspace ap proach does not give a di rect con nec -
tion to ir re duc ible rep re sen ta tion anal y sis, as in tro duced by
E.F. Bertaut [3]. For this rea son we have also im ple mented a 
tool which can di rectly per form such an anal y sis in the Jana
pack age. This part of the pro gram is an a log i cal to pro grams
such as MODY [4], SA RAh [5] and BasIReps [6]. New con -
tri bu tion of Jana is that the re sult of the rep re sen ta tive anal y -
sis is trans formed (see ex am ple in Fig.1) into (super)space
mag netic group. More over all ad di tional con di tions (if any)
nec es sary to as sure se lected ir re duc ible rep re sen ta tion are
gen er ated au to mat i cally and used dur ing the re fine ment pro -
cess. This makes pos si ble to test all ac cept able ir re duc ible
rep re sen ta tion di rectly in terms of Laue sym me try and sys -
tem atic ex tinc tions. 

The re fined mag netic struc ture can be vi su al ized by call -
ing a suit able ex ter nal draw ing pro gram from Jana2006. In

Fig. 2 an ex am ple of a re fined mag netic struc ture is drawn
by Di a mond 3.0 [7].
The pro gram has been al ready tested on sev eral data sets
from dif fer ent sources (ILL, ISIS, PSI, …). Dur ing the
lec ture more de tails will be pre sented about im ple men ta -
tion of the mag netic op tion into Jana2006 and ex am ples of 
al ready re fined struc tures will be demonstrated. 
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S monokrystaly se v oblasti práškové difrakce setkáváme
velmi zøídka. Pøi mìøení práškových dat je jejich výskyt
spojen s obavami o výdrž detektoru a s jejich nìkdy až
neèekanými projevy na práškový záznam. V následujících
øádcích bude uvedeno nìkolik pøíkladù mìøení s mono krys -
taly a• už s jejich nežádoucím projevem èi s jejich zámìr -
ným mìøením.

V souèasné profilové analýze je tendence k modelování
celého záznamu [1]. Nedílnou souèástí této problematiky je
i pøístrojová funkce. Ta je krom jiného dána i spektrem

vlnových délek jdoucích z rtg lampy. Na obr. 1 je uveden
difrakèní záznam monokrystalu korundu, difraktující
rovina 0012 (pro wolframové L-èáry na pravé stranì
obrázku i 0018) byla rovnobìžná s povrchem. Byl použit
divergentní svazek v Bragovì-Brentanovì uspoøádání s

geometrií q-q, Co lampa. Jsou zde zakresleny dvì køivky
jedno pro mìøení s a bez beta filtru (Fe).

Taková to mìøení umožòují popsat spektrum vlnových 
délek po aplikaci rùzných optických prvkù. Pro
profilovou analýzu má v tomto pøípadì nejvìtší význam

Obrázek 1. Èást difrakèní záznamu monokrystalu korundu Al2O3. Spektrum vlnových délek a vliv b filtru na vlnové spektrum.


