PHYSICAL REVIEW B, VOLUME 64, 144426
Magnetic properties and interactions in theRMn ,,_,Fe, series(R=Y, Ho, Er, Nd; x<9)
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Powder neutron thermodiffraction studies have allowed a precise determination of the magnetic phase
diagrams of theRMn,,_,Fe, series(ThMn,, structurg with the occurrence of two different ordering tempera-
turesTy and T correlated, respectively, to antiferromagnetic and ferromagnetic couplings. At low iron con-
tents k<5) and for allR elements, the @ metal sublattices exhibit antiferromagneti&F) configurations
lying in the basal planéa, b). The R magnetic moments order ferromagnetically at very low temperature only
with ¢ as an easy axis. For higher iron concentrations, thendgnetic moment arrangements change progres-
sively with ferromagneti¢F) components collinear with theaxis superimposed on the AF components. For
x>6, the Curie temperatufe: coming from the F components of thel andR sublattices increases markedly.

In addition, Ty, and the & AF components both decrease with
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[. INTRODUCTION (99.9% purity in a water-cooled copper crucible under a
pressure of 1.2 bar of purified argon. The purity of the re-
During the past few decades, considerable attention hasulting phase was checked using x-ray powder diffraction.
been paid to the study of intermetallic compounds of rarein some cases, small amounts ¢-manganese and
earth element$R) and 3 magnetic transition meta).!  Rg(Mn, Fe),; were detected in the compounds belonging to
The compounds with nominal compositi&fre;,, having the  the manganese-rich compounds<(4). The R,Fe;; impu-
ThMny, structure; do not exist, but can be stabilized by rity was identified in the compounds witt=9. The crystal
partial substitution of iron by a metdd with a lower valence  structure of these compounds was determined using the high-
electron densnfi._ln contrast to the mostly ferromagneti€) resolution diffractometer D2B N=1.594A) at the ILL
character of the iron-rich compounds, the paiiin,, ones  (Grenoble, Franoe All the diffraction patterns were re-
exhibit antiferromagneti¢AF) ordering at low temperatufe. o rdeqd at room temperature, where only nuclear scattering

Consequently, complex magnetic behaviors are expected {Pas observed. Rietveld refinements were carried out using

ggf#g eltr: ntghIiiMngli_FXli:th(ersa?clzlt(ijoﬁ(s)lultrzogrsdcgrst(? grgtsgltrg;rg]seent-he FULLPROF program® assuming that eachd3metal site is
tative sample group of compounds, differeRt elements fully occupied by iron and manganese atofihe magnetic

were selected, such as the nonmagnetic yttrium, the hea _nf|gurat|ons of theRM.nlzfoeX SEries were d_etermmed
rare-earth elements holmiutsecond-order Stevens factor USiNg neutron powder diffraction experiments with the D1B
,<0) and erbium @,>0), and finally the light rare-earth (A=2.522A) and D20 ¥=2.40A) diffractometers, in the
element neodymiumed,;<0). In the present paper, tiRe 3d temperature range 2—300_ K. The magnetlcgstructure refine-
and 3-3d magnetic interactions are studied as a function ofments were performed using tep program:

the iron concentratiox(Fe) and temperature using neutron

diffraction measurements. Previous macroscopic magnetic Il STRUCTURAL PROPERTIES

studies on theRMny,_,Fe, compounds have permitted the

observation of different magnetic behaviors depending on All the samples were found to crystallize in the Thidn
the Fe contert.On the one hand, with the magnetic rare structure type of space grolig/mmmuwith 2 formula units?
earthsR=Er, Ho, and Nd forx<6, two ordering tempera- The R atoms occupy the & site, whereas the &Mn, Fe)

turesTy andT¢ were observed corresponding, respectively,atoms occupy the three sites, 83j, and & (Fig. 1). The
to AF and F ordering. For the nonmagnetic eleméttY

with x<<8, only the AF ordering is observed for temperatures
T<Ty. On the other hand, for the iron-rich compour(&s
=Nd, Ho, and Er and € x<8; R=Y andx=8), these two
ordering temperatures are still observed, but the F ordering
temperaturesT are higher than those observed for the
manganese-rich compounds. Finally, the iron-rich com-
pounds(x=9 with R=Er and H9 exhibit only ferromag-
netic behavioronly T is observed

Il. EXPERIMENT

The samples were produced in the concentration range
0=x=9 by induction melting of the different constituents FIG. 1. Tetragonal crystal structure of the ThMiype.

0163-1829/2001/64.4)/14442&8)/$20.00 64 144426-1 ©2001 The American Physical Society



MORALES, BACMANN, WOLFERS, FRUCHART, AND OULADDIAF

large contrast in the nuclear scattering lengths of iron and

PHYSICAL REVIEW B64 144426

100

manganese permits an accurate determination of thsitg {_) ——% 8i Y
occupations as a function of and R. In Fig. 2, the iron g 80l > a 1 = %sgjy
occupation for eactRMnj,_,Fe, compound is compared E s & K o % 8fY
with the occupation expected in the case of a random distri-Z ¢ y R 1l + %8iHo
bution represented by the diagonal line. ForRyllron atoms g ",r * %S8jHo
preferentially occupy the 8sites, whereas manganese atoms g /X N = % 8f Ho
are found preferentially on thei8sites. It is clearly evi- g 1l ¢ %8iEr
denced that the @ metal occupation is independent of the £ --a--% 8] Er
nature of the rare-earth element. s T ®— %8t Er
In the RMn,_,Feg, compounds, for a fixed iron concen-

tration, thea andc cell parameters decrease frdR+= Nd to

Er in agreement with the lanthanide contraction. For a given
rare-earth elemerR, thea cell parameter decreases linearly
with the iron concentration, whereas tloecell parameter FIG. 2. Iron occupancy scheme of thed 3sites in the
remains almost constant, resulting in a unit-cell volume defRMn,,_,Fe, series.

crease with a mean slope of 1.F/Be’

10 12

contributions appears on the nuclear peaks Tat Tq
(<Ty) that is characteristic of a ferromagnetic ordering
(g’=[000]) previously observed at low temperatures on the

Preliminary magnetization measurements have shown thahagnetization curves.
the magnetic properties of tHeMn,,_,Fe_compounds are Thel4/mmmspace group is the semidirect product of the
markedly dependent on the nature of thi(I@n, Fe) sublat-  point groupP4/mmmby the translation (3, 3, 3). All pos-
tices, which order antiferromagnetically for the manganesesible arrangements of the magnetic moments were deduced
rich compounds and ferromagnetically for the iron-richfrom the group theoretical analysis, and the basis vectors
compounds. were built using the projection operator techniduihe ten

For all x<9 and allR, no magnetic contributions are ob- irreducible representations of the point groBg/mmmare
served at room temperature in the neutron diffraction patlisted in Table I(some errors were detected in a previous
terns. At low temperatureT<20K), new diffraction lines analysié). The basis vectors for each magnetic site are listed
are observed which are indexed with a crystal unit cell undein Table Il, with the atoms numbered according to the space
the conditionh+k+1=2n+1. These new diffraction lines group description in the International Tables for Crystallog-
are related to an antiferromagnetic orderiig<(Ty) with a  raphy (first volume, group4/mmmNo. 139. The average
propagation vectorg=[001]. A second set of magnetic values of thexg; andxg;, position parameters of the &nd

IV. MAGNETIC PROPERTIES

TABLE I. The 10 irreducible representations of the point gr&@¢mmm E,2,,4,,... denote the 16 different symmetry operators.

E 21 4z 2x 2xy 1 mxy Zz myz m)Zyz
43 2, 2 43 My, Myyz
re Ay 1 1 1 1 1 1 1 1 1 1
rZ Ay 1 1 1 -1 -1 1 1 1 -1 -1
r By 1 1 -1 1 -1 1 1 -1 1 -1
I By 1 1 -1 -1 1 1 1 -1 -1 1
r* E; (1 0 (-1 0 0 1) (1 0 0 1 10 -1 0 0 1) /1 0 0 1
(o 1) (o —1) (—1 o) (o —1) (1 o) (o 1) (o —1) (—1 o) (o —1) (1 o)
0 -1\ (-1 0 (0 -1 0 -1, (-1 © 0 -1
(1 0) ( 0 1) (—1 0) (1 0) ( 0 1) (—1 0)
re A 1 1 1 1 1 -1 -1 -1 -1 -1
'’ Ay 1 1 1 -1 -1 -1 -1 -1 1 1
ré By, 1 1 -1 1 -1 -1 -1 1 -1 1
I° By, 1 1 -1 -1 1 -1 -1 1 1 -1

R R I
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TABLE II. Basis vectors of the irreducible representations for the &, 8f, and 2a sites. TheF, G, C, and A symbols represent,
respectively, the spitS configurations++++, +—+—, ++——, and +——+. The indices 1-4 correspond to the atoms numbered

according to International Tables for Crystallography.

8i,8j 8f 2a
X,y yA X,y z X,y z
r! Ag Gy~ A,
r2 Azg F, A+Gy F, S,
rs Big Gyt A, C,
r4 Bag C, Ac—Gy
re Eq SutSx Syt Sy +F, —F, +A, -G, +S -§
S3X+S4X Sly+SZy 7Cy +Cx 7Az +Gz 73( +%/
re Ay S1><_32><+33y_s4y Ax"'G‘y F,
r’ Az Sly_SZy_SSX+84x Ay_Gx
re By S1x_32><_s3y+s4y Gy—AX
Fg BZu S1y_82y+33><_s4x Gx+Ay Cz
e & (%z_su slz—sz) +Fy +Fy G, +A,
832_542 SJ.Z_SZZ +Cx +Cy +Gz +A,

8j sites, are, respectively, 0.36 and 028.
For the YMn,_,Fe, compounds withx<7, the best

magnetic arrangement on the basal plaiae b) is still
observed.

agreement between the calculated and the observed intensi- For the very-iron-rich compound with=9, a purely fer-

ties for T<Ty corresponds to a noncollinear antiferromag-

netic structure of @(Mn, F&) moments in the basal plare,
b) belonging to theB,, group representatiofirig. 3). For the
YMn,Fe; compound andT<Ty<T., the ferromagnetic
components on the &&8i, 8j, 8f) sites along thec axis,

rimagnetic configuration along theaxis, similar to the one
observed in th&kFe;, M, compoundgy<2, M=Mo, Ti,
and V), is observed.

The refined magnetic moments Bt 2 K and the associ-
ated ordering temperatures are listed in Table Ill. They cor-

belonging to theA,, representation, are superimposed on thgespond to excellent reliability factors not exceeding 5%.

previously determined @ antiferromagnetic system.

If Ris a magnetic rare earth, the onsetTef (<Ty) for
the manganese-rich compounR®=Er, x<7; R=Ho, x
<6; R=Nd, x=4,5) is due to the ferromagnetic component
on the rare-earth sites lying along theaxis (A, represen-
tation). The 3 antiferromagnetic system previously deter-
mined in the YMn,_,Fe, compounds still remains.

For the iron-rich compounds, strong ferromagnétiith
the light rare earth NdJ=L +S (Ref. 10] or ferrimagnetic
[with the heavy rare earths Er and Hbr=L—S (Ref. 10]
couplings occur on the 88j, 8f ) and R(2a) sites along
the ¢ axis. However, the previously described antiferro-

2a —@)-i
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FIG. 3. Projection in the basal plarie, b) of the 3d(Mn, Fe
antiferromagnetic structure.

V. DISCUSSION
A. Structural properties

In a first approach, the substitution scheme of Mn by Fe
atoms in the (8, 8j, 8f ) sites of theRMn,,_,Fe, series has
been explained by size effect considerations between these
two atoms’ The scheme ofl-element occupation is experi-
mentally found to be exactly the same, independent of the
choice of the rare-earth elemeRti.e., of the size oR. For
all R, iron atoms are located preferentially on thé §ites
which present the smallest volume of Voronoi polyhedra,
whereas manganese atoms with a larger radius occupyi the 8
sites, having the biggest volume of Voronoi polyhedra. In-
deed, the relatively poor affinity of iron atoms found experi-
mentally for the 8 site is consistent with the impossibility of
stabilizing theRFe;, compounds and with the existence of
the isotypesRM;,.3 This also supports the local structure
arguments based on the enthalpy of formation of birf¥,
compoundghereT=Mn or Fe.}

For a given iron content, tha andc cell parameters de-
crease wherZg, the atomic number of thR elements, in-
creases and follow the lanthanides contracfiom.addition,
the substitution of manganegd2.8 A% by iron, with a
smaller atomic volumé11.77 &), leads to a linear decrease
of thea cell parameter, whereas theell parameter is found
to be slightly modified as a function of These different
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TABLE lll. Amplitude (ug/f.u.) and deviatiord (degreesfrom thec axis of the magnetic moments and
ordering temperature$. and Ty (K) of the RMny,_,Fe, series withR=Nd, Er, Ho, and Y. Numbers in
parentheses represent errors on the last digit for the magnetic moment values; the errors made on the
determination of the ordering temperatures are estimated at 10 K. The magnetic moments of the &haMn
HoMnsFe, compounds have not been refined due to the important presence of, respectiy®in,Hand
Ho,Fe,; ferromagnetic impurities.

NdMn,,_,Fe, HoMn,, ,Fe, ErMn,,_,Fe, YMn,,_,Fe
x=0 u8i -0.76 (1) —0.76 (1)
08i 90° 90°
u8j 0.38(1) 0.77(3)
08] 90° 90°
n8f 0.47(1) 0.24(2)
08f 90° 90°
02a 0°
Tc 4 K
Tn 80 K 134 K
X=2 n8i -1.04(2) -0.81(2) —0.90(8)
08i 90° 90° 90°
n8j 0.56(1) 0.60(2) 0.86(7)
08j 90° 90° 90°
u8f 0.30(2) 0.2(2) 0.14(6)
08f 90° 90° 90°
p2a 0 25(3)
02a 0° 0°
Tc <2K 4 K
Tn 170 K 175 K 190 K
x=3 u8i -1.29(2) -1.06(2)
08i 90° 90°
u8j 0.89(2) 0.79(2)
08j 90° 90°
n8f 0.26 (1) 0.4(1)
08f 90° 90°
p2a 3.3(4) 0
02a 0° 0°
Tc <2K <2K
Tn 205 K 210K
x=4 w8i —1.65(5) —1.41(4) -1.2(1) -1.4(1)
08i 90° 90° 90° 90°
n8j 1.39(4) 1.17(3) 1.09(8) 1.41(9
08] 90° 90° 90° 90°
n8f 0.87(6) 0.44(6) 0.006(70) 0.3(1)
08f 90° 90° 90° 90°
n2a 0 4.6(3) 0
02a 0° 0° 0°
Te <2K 10 K <2K
Tn 230 K 230 K 230 K 230 K
x=5 u8i -1.6(1) -1.3(1) -1.36(3) -1.5(1)
08i 90° 90° 90° 90°
©8j 1.34(8) 1.37(6) 1.27(3) 1.4(1)
08j 90° 90° 90° 90°
w8t 0.78(8) 0.56 (7) 0.70(3) 0.4(1)
08f 90° 90° 90° 90°
p2a 0.9(3) 5.9(2) 6.8 (6)
02a 0° 0° 0°
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TABLE Ill. (Continued.
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NdMny,_,Fe, HoMn,_,Fe, ErMn,,_,Fe YMn,_,Fe

Te 11K 20 K 8 K

Ty 240 K 230 K 235 K 240 K
X=6 u8i -1.36(9) -1.17(6) -1.07(3) —1.36(6)

08i 90° 90° 90° 90°

18] 1.04(8) 1.4(1) 1.32(5) 1.29(5)

08] 90° 69.4° 90° 90°

n8f 0.9(1) 0.95(6) 0.7 (1) 0.74(6)

08f 76° 69.1° 90° 90°

p2a 1.7(1) 6.4(2) 6.0(3)

02a 0° 0° 0°

Te <80 K 80 K 14 K

TN 230 K 230 K 230 K 230 K
x=7 u8i -1.07(9) —0.90(2) -1.33(3)

08i 90° 90° 90°

18] 1.23(9) 1.28(7) 1.12(3)

08] 51.6° 68.9° 90°

u8f 1.09(8) 0.98(5) 0.77(3)

08f 33° 61.9° 90°

p2a 8.7(1) 6.4(1)

02a 0° 0°

Te 185 K 100 K

Tn 210 K 210 K 197 K
x=8 u8i -0.77(9) -0.8(1) 1.3(2)

08i 84.8° 90° 67.4°

n8j 1.20(7) 1.1(1) 1.2(2)

08] 34.1° 26.86° 17.7°

n8f 1.01(3) 0.97(5) 1.0(2)

08f 0° 0° 11.2°

n2a 8.92(6) 7.1(2)

02a 0° 0°

Te 260 K 203 K 250 K

TN 168 K 160 K 150 K
x=9 u8i —0.38(7)

08i 0°

u8j -1.61(8)

08] 0°

n8f —1.50(6)

08f 0°

n2a 7.7(1)

02a 0°

Te 320 K

observations mean that there is a direct control of the celfeference magnetic arrangement for thé(Ndn, Fe) sublat-
parameters in terms d®-(Mn, Fe and (Mn, Fe-(Mn, F&) tices. An indirect ferromagnetic interaction acts between the
bonds fora andR-(Mn, Fe) only for c. In fact, for the latter  rare-earth sitegin the 2a positions 0, 0, 0 and, 3, %)
parameter, the @&-substitution schemes on thef &nd § through the 8(3d) moments(in the 8f positionss, 1, ).
sites seem to approximately compensate in terms of bonghe corresponding critical ordering temperatilice remains
length. Finally, one observes that the slope of the decreasir\gbry low (typically <20 K) for all rare-earth elements.
cell volume is fairly independent of the rare-earth element.  However, the stronger AF couplings acting between most
of the 3 sites are progressively superseded by ferromag-
netic ones supported by the substitution scheme of iron for
For the manganese-rich compounds<6), the AF mag- manganese, first and dominantly on thé &8nd § sites.
netic structure of YMp, type, as shown in Fig. 3, is the Similarly to the change of type of exchange forces, tlde 3

B. Magnetic properties
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ErMn_ Fe 300
12-x X

350 T T T T T T T T T 250 r
Paramagnetic

300 [ 200 L

250 150 L

T Néel (K)

200 ¢

100 o

T (K)

150 [ . --B--R =Ho
50 —e—R=-Er [l

100 ¢

50

@ X

F + AF X e RoY

- «—R=Nd
"R =Ho

. 4. i i F -
FIG. 4. Magnetic phase diagram of the ErMnFe com R=Ho

pounds. The notation F and AF corresponds, respectively, to ferro-
magnetic and antiferromagnetic behaviors.

B

L T———

magnetocrystalline anisotropy transforms from a planar

an axial charactetr.The corresponding magnetic phase dia-
gram of the Er compounds is represented in Fig. 4. The same
type of phase diagram is obtained fe=Ho and Nd. Nev-
ertheless, shifts of the various magnetic phases towards ]
lower iron contents are observed. This last feature can be 0 2 4 6 s 10
related to the larger size of these rare-earth elements. ) x

Since the 8 occupation scheme does not depend on the
nature of the rare-earth element, it is noteworthy that for
Xx<6 the dependence dfy on x mimics those of the Band
8j magnetic moments quite well as revealed in Fig. 5. A
small additional dependence on thé(¥) or 5d(R) orbitals
for x<3 is observed. Fox<6, the 8 and § magnetic mo-
ments verify the relationshipus;y(R=Er=< u33(R=Ho)
<u3q(R=Y)=<pu3y(R=Nd), which can be related to the
corresponding cell volumedi.e., local atomic volume
V(Ern<V(Ho)<V(Y)<V(Nd), a larger volume favoring
stronger moments on thd &nd § sites!

The magnitudes of thef8and 2a (Fig. 6) magnetic mo- _
ments vary in quite similar ways over the entire range of o 2 4 6 s 10
compositions. We thus consider that the low ferromagnetic
couplingR-R for x<<6 is of biquadratic exchange type, via
the 8f sites as previously observed in the isotype compound F|G. 5. Behaviors(a) of the Neel temperature andb) of the
UFeAlg. " In that compound, one is dealing with different gj(mn, Fe and (c) 8j(Mn, F& magnetic moments, determined at
components of momentd ,(R)-M, ,(8f )-M,(R), with the ~ T=2K, in theRMn,,_,Fe, series withR=Y, Ho, Er, and Nd.
4f moment directed along theaxis and the 8 ones lying
in the basal plan€a, b). Due to the competition between Forx=6, the & and § sites are dominantly occupied by
opposite interactions in the intermediate range of composiiron, and then significantly stronger ferromagnetic coupling
tions (2<x=4), the ferromagnetic exchange coupling viaforces occur. This fact favors stronger and stronBe8d
the 4f-3d(8f)-4f path is strongly disturbed. Indeed, the ferromagnetic R=Nd) or ferrimagnetic(R=Ho and Ej
observed ferromagnetism is very weékable Ill) and the couplings in both cases via negativd-3d exchange inter-
exchange coupling is insufficient to establish a long-rangections. Hence, as parallel polarized, the rare-earth magnetic
ordering as indicated by the large neutron diffuse scatteringnoment increases towards its theoretical saturation value,
observed on the basis of the nuclear reflectiohs 10K,  and the common Curie temperatufeom R and 3 contri-

Fig. 7). Evidence of such a phenomendferromagnetic butions increases quite rapidly witk. By contrast, the AF
short-range orderingis found for x compositions for couplings mainly based on the remaining manganese atoms
which the & site is almost statistically occupied by about (mainly located in the Bsiteg drop progressively and vanish
50% Fe—50% Mn. for x=9. For ErMnyFe, (Table Ill), the low values of the i8

8i moment (p_/fu)

B

--*®*—R=z=Y ]
- «a—R=Nd|]-
~R=Ho| ]
—o—R=Er |

8j moment (p_/fu)

>
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10— e axis for a positivea; second-order Stevens factdR£Er).

] For negativex; (R=Ho and Nd, the momentM (R) would

lie in the basal planéa, b). But for R=Ho and Nd,«; is
weak and the easy magnetization direction found alongcthe
axis can be explained by introducing higher-order terms
(e.g., sixth order which are not negligible, as it has been
found for R=Ho (Ref. 3 in the isotype compounds

RFe o MO 5

B

2a moment (p_/fu)

VI. CONCLUSION

The magnetic properties of tHeMn,, ,Fe, compounds
are markedly dependent on both the nature of tdeeRe-
ments and the scheme of the selective occupation of these
elements on the 8 8j, and 8 sublattices. The magnetic
arrangements of thed3sublattices are antiferromagnetic for
x<6. They transform progressively to more complex con-
figurations “F+AF” for 6 <x<<9 and, finally, to a purely
ferromagnetic one for the iron-rich compounds=9).

For the iron-rich compounds, it appears that the most im-
portant 31 ferromagnetic contribution is due to thd &nd
8] sites. The main location of the manganese remains on the
8i site with a local ferromagnetic polarization opposite to the
iron one’s as deduced from XMCD experimeftsn fact, a
clustering of local dumbbells is suspected to occur, thus al-
lowing such inverse magnetic moment polarization.

10 For the manganese-rich compounds, due to the easy plane
() X configuration of the 8 sites(AF) and via a biquadratic in-

FIG. 6. Behaviors ofa) the 8f(Mn, Fe) and(b) 2a(R) magnetic  direct scheme of coupling, the rare-earth moments order fer-

moments aff =2 K in the RMn,,_,Fg, series withR=Er and Ho.  romagnetically along the axis. This corresponds to un-
coupled 3 andR magnetic sublattices with particularly low

ferromagnetic momentssites occupied by 54% of manga- Curie temperatures.

nesg¢ compared to the otherj8and & (sites populated in In an intermediate range of compositions, competing ex-

majority by iron is explained by x-ray magnetic circular change interactions on thed3sites lead to a decrease or

dichroism (XMCD) measurementS. Indeed, the Mn-Fe cancellation of any long-range magnetic ordering, mainly

negative exchange couplings concern mainly thesigs. concerning theR and & sites.

Crystal electrical fieldCEF effects can explain the easy  Further work is in progress on these magnetic systems by
magnetization direction observed for the rare-earth magnetiasing both neutron diffraction experiments and magnetiza-
moments. Indeed, the anisotropy of tResublattices arises tion measuremenfsThis includes measurements in progress
from the CEF and depends mainly on the sign of the secondsing resistivity, magnetoresistivity, x-ray spectroscopy at
order termaJAg. In these compounds, the parame@(%ris the K(3d), L, (3d,R), andM,y(R) edges(in particular
negativé and favors an easy magnetic direction alongahe for x=8), and electronic structure calculations.

B

8f moment (p_/fu)

22

110 200 +101] 220+ 211 310]4
3 N Ry

210 + 111 L
21

4

201 1

FIG. 7. Neutron diffraction patterns at
=2K (#), T=4K (X), andT=6 K (solid line)
of the ErMn/Fe; compound showing the marked
diffuse scattering related to a ferromagnetic
short-range ordering.

St o,

=
\QMA
&L
»
e S
=

1 201 r‘

Intensity (arbitrary units)

10 20 30 40 50 60
2 6 (degrees)
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