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The struc tural prop er ties of sil ver io dide (AgI) and sil ver
sul phide (Ag2S) have been ex ten sively stud ied for many
years be cause both com pounds un dergo superionic tran si -
tions at rel a tively mod est tem per a tures (420K and 452K,
re spec tively). At tem per a tures im me di ately above the
superionic tran si tion their high con duc tiv ity phases are
both char ac ter ised by rapid jump dif fu sion of the Ag+, pre -
dom i nantly be tween the tetra hed rally co-ordinated in ter -
stices formed by an im mo bile body cen tred cu bic (b.c.c.)
sublattice of an ions (I- or S2-). The AgI-Ag2S sys tem con -
tains only a sin gle ter nary com pound of com po si tion
Ag3SI. By vary ing the sam ple prep a ra tion pro ce dure it is
pos si ble to syn the sise this ma te rial in two forms, char ac ter -

ised by a dis or dered (a* phase) or or dered (b phase) ar -

range ment of the two cat ion spe cies over the 0,0,0 and
1/2,

1/2,
1/2 po si tions which gen er ate the b.c.c. ar ray. In ter est -

ingly, the a* phase pos sesses an ionic con duc tiv ity at am -
bi ent tem per a ture over two or ders of mag ni tude higher

than the b form. To un der stand the fac tors un der ly ing this
ob ser va tion, pow der neu tron dif frac tion ex per i ments (in -
clud ing anal y sis of the dif fuse scat ter ing) and mo lec u lar
dy nam ics sim u la tions have been used to probe the re la tion -
ship be tween the long-range or der within the an ion
sublattice and the dy namic cat ion dis or der re spon si ble for
the mac ro scopic ionic con duc tiv ity. The re sults of these
stud ies will be pre sented, to gether with a brief dis cus sion
of their im pli ca tions for the wider ques tion of ionic mo bil -
ity within perovskite struc tured com pounds.
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The in ter est ing and fre quently un ex pected com bi na tion of
phys i cal prop er ties of com plex metal ox ide with perovskite 
struc ture is very sen si tive to even small struc tural changes 
and an un der stand ing of the crys tal chem is try of these com -
pounds is cru cial in the de vel op ment of novel ma te ri als
with an un usual com bi na tion of di elec tric and mag netic
prop er ties. Al though many perovskites have been in ves ti -
gated in re cent years, struc tural in for ma tion about
A(B2/3C1/3)O3  ma te ri als re mains scarce and from a struc -
tural point of view still many points re main un clear.

In this study, we have paid at ten tion to 1:2 or dered
perovskites, and will re port the tem per a ture evo lu tion of
their nu clear and mag netic struc tures. NPD stud ies have
been car ried out to study the mag net i cally or dered ferro -
elec tric ma te ri als with perovskite-re lated struc ture
A3Fe2BO9 (A = Pb, Sr, Ca, Ba; B = W,Te), pre pared by a
solid state route. This class of so-called ferro elec tric mag -
nets ex hib its both elec tric-di pole and mag netic or der ing
within a def i nite tem per a ture range.

NPD pat terns have been col lected at the Swed ish Re -
search Re ac tor R2 (Studsvik) at dif fer ent tem per a tures in
the range 10 to 1000 K. The high-tem per a ture data were
used to de ter mine the struc ture in the nonpolar and non -
mag netic states, the ex act stoichiometry and the cat ion site
or der. The data were an a lyzed with the FULLPROF soft -
ware in or der to char ac ter ize the tem per a ture-in duced
phase trans for ma tions, and to de ter mine the nu clear and
mag netic struc tures. By re plac ing Pb by Sr, Ba or Ca the
dif fer ent types of lat tice dis tor tions of the ini tial cu bic
perovskite cell was found (tetragonal for Sr, hex ag o nal for
Ba and monoclinic for Ca com pounds). The size of the in -
volved A-type cat ion is di rectly re lated to dif fer ent types of 
struc tural dis tor tions and B-site or der/dis or der. The struc -
tural pe cu liar i ties of dis torted phases are dis cussed and
pos si ble mech a nisms of phase tran si tions are pre sented. 

It was found that for the Pb com pound the Fe and
W(Te) cat ions are ran domly dis trib uted over the B sites
while in the case of Sr and Ca com pounds a par tial crys tal -
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lo graphic or der was es tab lished. TC val ues ap pear to de -
pend mainly on the na ture of the A-cat ion (ion size and
elec tronic con fig u ra tion) and de gree of cat ion or der ing of
Fe/W(Te). 

The or der ing of mag netic mo ments of Fe in these sys -
tems are an a lyzed. And all the com pounds show G-type
mag netic struc ture. Mag netic prop er ties would be more
sen si tive to the con tent of W cat ions in com par i son with Te
ones.  The cor re la tion be tween ferroic dis tor tions and the
mag netic or der ing is also briefly dis cussed. 

Ef fect of ox y gen nonstoichiometry on struc tural and
mag netic prop er ties was stud ied in the Ba com pound. It

was found that both the lat tice dis tor tion and phys i cal prop -
er ties are strongly in flu enced by the ox y gen con tent.

The fi nan cial sup port for this re search from the Swed ish
Stra te gic Foun da tion (SSF) within the frames of the pro -
gram “Com plex ox ides for ad vanced ap pli ca tions” and
Rus sian Foun da tion for Ba sic Re search is grate fully ac -
knowl edged.
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Re cent ad vances in dif frac tion in stru men ta tion at the ILL
(con struc tion of Super D2b) have al lowed the col lec tion of
high-qual ity data even on small sam ples which adopt com -
plex dis or dered struc tures. In this pre sen ta tion, I will dis -
cuss some of our re cent struc tural and mag netic work on
strongly cor re lated elec tron sys tems, which in clude: (i) the
struc tural and mag netic char ac teri sa tion of switch able sys -
tems ex hib it ing multistability, e.g. the fam ily of mixed va -
lence tran si tion metal cyanides (Prus sian blue an a logues),
(ii) the struc tural char ac teri sa tion of in ter me di ate va lence
rare-earth sys tems ex hib it ing zero- or neg a tive- ther mal ex -

pan sion, driven by elec tronic in sta bil i ties, and (iii) the or i -
gin of the anom a lous mag netic be hav iour of the
antiferromagnetic in su la tors (NH3)K3-xRbxC60 (x = 0 -3 )
where TN first in creases with lat tice ex pan sion and then
swiftly de creases, in sharp con trast to what is ex pected for
sim ple local ised mo ment mod els (a smooth de crease in the
ex change in ter ac tion, J and TN with in creas ing lat tice con -
stant). Com ple men tary in for ma tion ob tained from syn -
chro tron X-ray pow der dif frac tion mea sure ments are
uti lized through out.
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Two new com pounds, Mn3IrGe and Mn3CoSi, have been
syn the sised. Both or der mag net i cally at low tem per a tures,
but al though they are isostructural, the mag netic struc tures
are com pletely dif fer ent. The ob ser va tion of mag netic or -
der is very in ter est ing, since the com pounds have a crys tal

struc ture sim i lar to that of b-man ga nese [1]. The b-Mn
phase has been the fo cus of much at ten tion, since it does
not or der mag net i cally. This is sug gested to be an ef fect of
geo met ric frus tra tion of antiferromagnetic in ter ac tions on a 
tri an gu lar net work of Mn at oms (a 3D an a logue of the 2D
kagomé net) [2]. How ever, the same tri an gu lar Mn net -
work ex ists in Mn3IrGe and Mn3CoSi, and our re sults

there fore shed new light on the un der stand ing of b-Mn.  
The crys tal struc ture of Mn3IrGe and Mn3CoSi is of the

AlAu4-type [3], an or dered form of the b-man ga nese struc -
ture. The com pounds are thus isostructural with the re -

cently re ported phase Mn3IrSi [4]. Struc ture re fine ments
by the Rietveld method, us ing the pro gram FULLPROF
[5], for neu tron pow der dif frac tion data col lected at room
tem per a ture, gave the fi nal agree ment fac tors Rpro file =
4.23%, RBragg = 4.04% for Mn3IrGe and Rpro file = 3.56%,
RBragg = 5.84% for Mn3CoSi. 

Pow der neu tron dif frac tion re sults show noncollinear
antiferromagnetic or der for Mn3IrGe at tem per a tures be -
low 225 K, with a mag netic unit cell of the same size as the
crys tal lo graphic cell. Struc ture re fine ments by the Rietveld 
method gave the fi nal agree ment fac tors Rpro file = 4.74%,
RBragg = 5.54%, Rmag netic = 5.55%, for data col lected at 10 K, 
with the mag netic mo ment 3.39(4) µB on Mn. The mag netic 
struc ture is very sim i lar to what was pre vi ously re ported
for Mn3IrSi [4].



In the crys tal struc ture, the near neigh bour Mn at oms
are found on a net work of cor ner linked tri an gles, where
each cor ner (=Mn atom) is shared be tween three tri an gles,
see Fig. 1a. The mag netic mo ments on Mn are ori ented so
that their pro jec tions onto the tri an gle planes have 120-de -
gree an gles be tween them, see Fig. 1b. In ac cord with the
ar gu ment in Ref. 4, we sug gest this to be the re sult of geo -
met ri cally frus trated antiferromagnetic in ter ac tions. 

A com plete range of solid sol u bil ity ex ists for
Mn3IrSi1-xGex, as dem on strated by a lin ear vari a tion of the
unit cell pa ram e ter (ob tained from pow der x-ray dif frac tion 
films, re corded by a Guinier-Hägg cam era). The mag netic
sus cep ti bil ity, mea sured by SQUID-mag netom etry, is
weakly tem per a ture de pend ent, and the antiferromagnetic

tran si tion tem per a ture, 225±10 K, does not show any large
vari a tion with the sil i con con tent for the solid so lu tion
Mn3IrSi1-xGex, see Fig. 2. This could be ex plained by sup -
pres sion of the tran si tion tem per a ture, caused by geo met ric 
frus tra tion of strong antiferromagnetic in ter ac tions on the
tri an gu lar net work of Mn at oms.

Mea sure ments of the mag netic sus cep ti bil ity vs. tem -
per a ture for Mn3CoSi show a max i mum at 110 K, in di cat -
ing an antiferromagnetic tran si tion. In con trast to the

mag netic struc tures of Mn3IrGe and Mn3IrSi, low tem per a -
ture neu tron pow der dif frac tion pat terns for the
isostructural com pound Mn3CoSi show sat el lite peaks
char ac ter is tic of an in com men su rate mag netic struc ture.
The tran si tion from com men su rate mag netic or der in
Mn3IrSi to in com men su rate or der in Mn3CoSi is cur rently
un der study for the solid so lu tion Mn3Ir1-xCoxSi. In ter est -
ingly, by a suit able choice of x, a com pound with the same

cell pa ram e ter as b-Mn can be pro duced, which may pro -
vide some in sight into the gov ern ing pa ram e ters be hind the 

ob served lack of mag netic or der in b-Mn.
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Fig. 1. (a) The crys tal struc ture of Mn3IrGe, with the net work of cor ner linked tri an gles (shaded) of near neigh bour Mn at oms.
One Mn atom out side the unit cell (smaller) is added for clar ity. (b) The ori en ta tions of the mag netic mo ments on a unit of three
cor ner linked Mn tri an gles. In ter atomic dis tances at 10 K are indicated.
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Fig. 2. Mag netic sus cep ti bil ity (c) vs. tem per a ture for the sub sti tu tion se ries Mn3IrSi1-xGex (x = 0.00; 0.10; 0.30; 0.50; 0.75; 1.0), mea -
sured in an ap plied field of 250 Oe.


