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N eutr on pow der-di ˜r action exp eriment s on t he hi ghl y C r- substituted

manganite , Nd 0: 6 Ca0: 4 ( Mn 0 : 5 C r0 : 5 ) O3 , at di˜erent temp eratures and Ùelds
reveal that the structure retains the charge exchange- typ e of the parent com-
p ound, N d0: 6 C a0 : 4 MnO 3 . I t is antif erromagnetic b elow 200 K and becomes a

canted antif erromagnet below 50 K . T he Mn and Cr form zig- zag ferromag-
netic chains coupled antif erromagneticall y in the -plane. These are stac ked
along the -axis with opp osite spins.

PAC S numb ers: 75.25.+ z, 75.30.K z, 75.47.Lx

1. I n t rod uct io n

D oping of the Mn- sublatti ce by such m agneti c cati ons as Cr, Ru, Co, in
ri ch Mn charge ordered (C O) and orbi ta l ordered (OO) manganites wi th the
charge excha nge (C E) structure whi ch are kno wn to be anti ferromagnets (A F) and
insul ato rs (I) induces a tra nsi ti on to ferromagneti c (FM) and meta ll ic (M) states
even in the absence of a m agneti c Ùeld [1{ 8]. The appearance of ferro magneti sm
is attri buted to phase separati on [9]. For low dopi ng of Cr, it has been observed
tha t Cr form s FM clusters wi thi n the AF matri x whi ch grow at the expense of
the AF structure : as the doping of Cr is increased the FM clusters are spread into

corr esp on din g au t h o r

(81)
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layers. The tra nsiti on from an AF{ I state to FM{ M one is very interesti ng for
thei r potenti al appl icati ons.

In the present paper, we present neutro n powder neutro n di ˜ra cti on (NPD )
exp eriments on the ri ch Cr doped m anganite Nd 0 :6Ca0 :4( Mn 0 :5 Cr 0 :5) O3. The com -
pound keeps the CE structure as the parent compound Nd 0 :6 Ca : MnO [10] but
the CO{ OO is destroyed. Mn and Cr form AF zig-zag chains on the basal plane
and are coupl ed AF along the axi s of the ortho rhombi c structure.

The sampl e was synthesi zed f rom simpl e oxi des and carb onates at (1400{
C in air usi ng a conventi onal ceram ic techno logy. X-ray di ˜ra cti on at room

tem perature did not reveal extra l ines, wi thi n the accura cy of the m etho d, to
indi cate the presence of im puri ty pha ses.

NPD exp eriments were perform ed on the E6 di ˜ra ctometer at BENSC in
Ha hn Mei tner Insti tute (Berl in), using a wa velength of 2.4422 ¡A f rom a pyro lyti c
graphi te m onochrom ato r. The angular resoluti on was 10 . The data were recorded
over an angul ar range of 10 after no reÛection was detected below at any
tem perature in the range of 1.8{ 300 K wi thi n the instrum ental resoluti on. At Ùrst,
the 300 K pattern was recorded and after the sampl e wa s cooled down to 1.8 K.
Between 1.8 and 300 K a numb er of patterns were recorded at 200, 100, 50 and
1.8 K. The obta ined patterns were reÙned wi th the Rietvel d metho d using the
Ful lprof program .

3.1. Nuclear struct ure

NPD patterns at selected tem peratures are shown in Fi g. 1. The reÙnement
of the room tem perature NPD data conÙrmed the space group in agree-
m ent wi th the X- rays results. Nei ther addi ti onal reÛections were observed nor any
spl itti ng in any of the reÛection indi cati ng CO{ OO state at any temperature. Two
very weak reÛections appeared at the angles where the sup erstruct ure reÛections
2,1.5,0 and 2,2.5,0 could appear i f the sampl e adopted a CO{ OO state. The inten-
sity of these reÛections wa s very weak and they did not change wi th tem perature
and they were alm ost di ˜used in the background. Thus, they were excluded f rom
the reÙnement. It m ust be pointed out tha t the absence of any addi ti onal peaks
cannot be ta ken as a proof for the absence of CO as the intensi ty of these peaks
is often very low in neutro n di ˜ra cti on and need a hi gh intensi ty powder di ˜ra c-
to m eter. In the reÙnement Mn and Cr share the sam e site of the group.
The latti ce param eters tha t we obta ined from the reÙnement at 200 K, above the
tra nsiti on tem perature, are: and and
rel iabi l it y f actors B f and . The relati on of the latti ce
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Fig. 1. Selected N PD patterns: points | the experimental data and line | the Ùtting:

the vertical lines indicate the Bragg positions.

parameters is c < b1 = 2 < a whi ch indi cates tha t the structure is of the OÊ typ e.
Thi s relati on remains at al l tem peratures.

Since duri ng cool ing no addi ti onal l ines or l ine spli tti ng were detected in
the specim en, the nucl ear reÙnements at low tem peratures were carri ed out in the
P n ma space group, characteri stic of the structure above the tra nsiti on tempera-
ture. The latti ce param eters vari atio n wi th temperature is shown. Down to 130 K

TAB LE I
Structural parameters ( ¡A ) as they w ere found from
the data of neutron di˜raction . Space group P n m a .

200 K 100 K 50 K 1.8 K

a 5. 4090(3) 5.4096(3) 5.4072(3) 5.4086(3)

b 7. 6144(2) 7.6054(2) 7.6047(3) 7.6159(2)

c 5. 3870(3) 5.4027(2) 7.6095(3) 5.3867(3)
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Fig. 2. The structural parameters vs. temp erature. O e and Oa are the equatorial and

the apical bond lengths.

T ABLE I I
Selected atomic distances and angles at 200 and
1.8 K as they w ere found from the data of neutron

di˜racti on. Space group P nm a. Oe, Oa basal and
apical oxygens corresp ondi ngl y.

200 K 1. 8 K

distances (Mn, C r) {O ( ¡A )

(Mn, C r){O e1 1.9404( È 2 ) 1.9345( È 2 )

(Mn, C r){O e2 1.9485( È 2 ) 1.9423( È 2 )

(Mn, C r){O a 1.9447( È 2 ) 1.9345( È 2 )

angles O 1 À Mn{O

88.56 91.73

angles (Mn, C r){O Mn

(Mn, C r){O e (Mn, Cr) 156.52(1. 59) 159.02(1. 59)

(Mn, Cr){O a ( Mn, C r) 158.59(0. 13) 156.50(0. 13)

reliabi li ty factors

1.93 4.46

5.63 12.0

8. 2 11.0

4.89 6.2

7.5
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al l param eters decrease m onoto nica l ly. In the range of 50{ 130 K the a and b pa-
ram eters rem ain unal tered whi le the a param eter increases slightl y. Below 50 K
the a param eter decreases whi le the b parameter increases. The absence of any
sudden j um p of the latti ce param eters could be ta ken as an indi cati on of the ab-
sence of CO state. The overa l l changes are 0.59, 0.10 and 0.08% for the latti ce
parameters a ; c, and b , respecti vely. The structura l parameters, the bond lengths
of MnO 6 and the cell vo lum ewi th respect to tem perature are shown in Fi g. 2, to o,
and T ables I, II. These octahedra blocks are random ly occupi ed by Mn 3 + , Cr 3 + ,
and Mn 4 + . At 200 K the distorti on is rather smal l. As the tem perature decreases
the apical bond length (Oa ) and one of the equato ria l lengths (Oe2 ) decrease by
0.0051 and 0.0088 ¡A, respectivel y whi le the other equato ri al one (Oe 1 ) increases
by 0.167 ¡A. The net e˜ect is a large breathi ng m oti on of the equato rial plane of
the octahedron.

3.2. Magnet ic str ucture

The NPD patterns below 160 K show an addi ti onal intensi ty in some of the
di ˜ra cti on peaks, Fi g. 1. Al tho ugh nucl ear scatteri ng is al lowed at thi s positi on,
the reÙnement in the structure is very poor. Fi nal ly, the best reÙnement was
obta ined quadrupl ing the volume of the ori ginal ortho rho mbi c uni t cell , ,
kno wn as the CE structure. The Cr and Mn ions are di stri buted in the sixteen sites
devel oped by the -site of the space group. Thei r m oments are opp osite
di rected f orm ing zig-zag AF chains in the basal pl ane, . These chains are
al terna ti vely AF coupl ed wi th the chains in the pl ane . The m agneti c
m oments are di rected along the -axi s and thei r values are given in Tabl e I I I. At
100 K a com pensati on point is obta ined. Bel ow 50 K a better Ùtti ng was obta ined
wi th a smal l FM mom ent along the -axi s. W i th the present data i t was not
possible to decide whether the FM m oment wa s originated from canti ng or phase
separati on.

T ABLE I II
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The Nd sublatti ce did not indi cate any orderi ng down to the lowest tem per-
ature whi ch is an indi cati on of no correl ati on between Mn and Nd.

4. Su m m ar y

In the highl y doped manganite wi th Cr 3 + Nd 0 :62Ca 0 :38 Mn 0 : 5Cr 0 : 5O3 the
m agneti c uni t cell doubl es the nucl ear along the a and c axi s and keeps the CE
structure of the parent com pound Nd : Ca : MnO and m elts the CO{ OO. The
col lapse of the CO{ OO state by Cr dopi ng has been also observed in l ight doping
by Cr [11]. The structure consi sts of Cr and Mn form ing AF chains lyi ng on the

pl ane and at low tem peratures there is an indi cati on of a slight canted AF
structure.
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