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The structural and magnetic properties of NdCaCrO4 oxide
have been studied mainly by means of neutron powder di4raction.
This oxide presents orthorhombic symmetry, space group Bmab,
with lattice parameters at room temperature a 5 5.3739(1) As ,
b 5 5.54114(1) As , and c 5 11.9536(3) As . At around 973 K a re-
versible phase transition to a tetragonal (I4/mmm) structure has
been determined from X-ray powder di4raction data. Below
180 K, NdCaCrO4 shows antiferromagnetic ordering in the Cr31

sublattice that has been explained on the basis of a propagation
vector k 5 0 and a collinear magnetic structure, with a symmetry
mode G

x
. At 30 K an antiferromagnetic ordered component

along the z direction appears. This spin reorientation could be
induced by the onset of local magnetic interactions between the
neodymium and chromium sublattices. ( 1999 Academic Press

Key Words: NdCaCrO4 oxide; antiferromagnetic order; mag-
netic structure; spin reorientation.

1. INTRODUCTION

Many compounds with the K
2
NiF

4
-type structure (1)

have been intensively investigated starting from the dis-
covery of the high temperature superconductivity in the
La

1.85
Ba

0.15
CuO

4
oxide (2). Among them, as possible can-

didates to show the superconductivity phenomenon, are the
R

2
NiO

4
oxides where R is the La3`, Pr3`, and Nd3` ions.

The structure of these oxides presents orthorhombic sym-
metry, space group Bmab, at room temperature (RT). It has
been determined that this orthorhombic distortion from the
ideal K

2
NiF

4
-type is owing to a coupled tilt of the (NiO

6
)

octahedra present in the structure (3) that takes place with
the aim of diminishing the two-dimensional lattice mis-
match between the two layers that are intergrown: the
double NaCl-type (RO)

2
layer and the square (NiO

2
) layer

(4). This orthorhombic strain increases with the decreasing
size of the rare earth ion (5). This feature of structural
1To whom correspondence should be addressed.
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mismatch is a steric characteristic of this structural type, but
will depend strongly on the relation between the 3d metal
and the rare earth ionic sizes. Thus, it will be important to
compare the di!erent behaviors depending on the 3d metal
and the rare earth ions. Most of the data available in the
literature are related to Ni and Cu compounds but very
little information is known for di!erent 3d metals such as
Cr.

Neutron di!raction studies on stoichiometric R
2
NiO

4
oxides have determined the existence of two di!erent struc-
tural phase transitions (3, 6}9) at low and high temperature.
The low temperature phase has a tetragonal average struc-
ture, space group P4

2
/ncm, and the high temperature phase

has a tetragonal structure too, but space group I4/mmm.
From a magnetic point of view, in the three compounds
Ni2` ions order antiferromagnetically at about 325 K and
at low temperatures the Nd3` or Pr3` ions are also in-
volved in the magnetic order (5, 6, 8}10).

Within this framework we have tackled the study of the
RCaCrO

4
oxides (R, rare earth). These oxides, with R as Pr,

Nd, Sm, Eu, and Gd, were prepared by Daoudi and Le
Flem (11) and partly characterized by means of X-ray
di!raction. However, further studies concerning the
structural and magnetic characterization show clearly
the presence of RCrO

3
perovskite as an impurity (12}14),

with a strong ferromagnetic behavior which makes
impossible the magnetic characterization of the RCaCrO

4
oxides.

Bearing all this in mind, in this work we present the
speci"c conditions in the preparation of the NdCaCrO

4
oxide as pure phase and the detailed structural and mag-
netic characterization, by means of X-ray and neutron pow-
der di!raction. It is worth noting that in a previous work we
have studied the isostructural PrCaCrO

4
oxide (15) and so,

we present a comparative study between both isostructural
oxides. An explanation of the di!erent magnetic behavior
observed at low temperature is justi"ed from the crystal
"eld ground term of the rare earth trivalent ion.
0022-4596/99 $30.00
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2. EXPERIMENTAL DETAILS

The polycrystalline brown NdCaCrO
4

oxide was pre-
pared by solid state reaction of the stoichiometric amounts
of the high purity oxides Nd

2
O

3
and Cr

2
O

3
, and a 20 wt%

excess of CaCO
3

(AR grade) to avoid the presence of
NdCrO

3
as an impurity. The homogenized mixture was

heated under argon #ow at 13603C for 26 hours; then the
sample was ground and reheated in argon at 13703C for 18
hours. The X-ray di!raction pattern of this sample shows
the existence of NdCaCrO

4
, CaO (&4%), and Nd

2
O

3
(&2%) phases, the latter owing to the Cr

2
O

3
volatility. In

order to check the presence of interstitial oxygen, giving rise
to the nonstoichiometric NdCaCrO

4`d samples, we carried
out TGA measurements in a Cahn D-2000 electrobalance
under reducing atmosphere He-(5%)H

2
. The obtained re-

sult shows that the sample can be formulated as NdCaCrO
4

(d+0).
X-ray powder di!raction patterns at RT were recorded

using a Philips X' Pert MPD di!ractometer, while X-ray
powder di!raction patterns at high temperature were ob-
tained using a Siemens D-5000 di!ractometer with an An-
ton Paar KG HTK10 high temperature camera. Both
di!ractometers work with j

C6
"1.5418 As . The neutron

powder di!raction experiments were carried out in the High
Flux Reactor at the Institute Laue Langevin (Grenoble,
France). Two di!erent di!ractometers were used: the me-
dium resolution D1B (j"2.5251 As ), to study the thermal
evolution of the sample in a temperature range between 1.5
and 250 K, and the high resolution D2B (j"1.594 As ), to
get an accurate structural characterization at RT (16). All
the powder di!raction data were analyzed with the Rietveld
method (17), using the FULLPROF program (18).
A pseudo-Voigt pro"le function without preferred crystal-
lite orientation was used.

Magnetization measurements were performed in a Quan-
tum Design XL-SQUID magnetometer, between 1.7 and
300 K. The magnetization data versus temperature were
obtained in a zero "eld cooling method with an applied
magnetic "eld of 500 Oe. The magnetic susceptibility
measurements from 300 to 600 K were performed with
a DSM8 magnetosusceptometer in helium atmosphere to
avoid the sample decomposition that takes place in this
temperature range when the NdCaCrO

4
is heated in air.

3. RESULTS AND DISCUSSION

3.1. Structural Characterization

The NdCaCrO
4
oxide presents at RT orthorhombic sym-

metry, space group Bmab. Figure 1 shows the high resolu-
tion neutron di!raction pattern obtained at RT for
NdCaCrO

4
, re"ned on the basis of the Bmab space group,

with Nd3` and Ca2` ions randomly distributed in the same
Wycko! position. The structural parameters obtained from
the Rietveld re"nement are shown in Table 1. The orthor-
hombic distortion can be evaluated through the orthorhom-
bic strain parameter S

0
, de"ned as 2(b!a) /(b#a), and it

has been observed that the NdCaCrO
4

compound
(S

0
"6.95(4)]10~3) presents a larger orthorhombic distor-

tion than the PrCaCrO
4

oxide (S
0
"4.04(7)]10~3). This is

due to the smaller size of the Nd3` ion. The (CrO
6
) oc-

tahedra are tilted having the [100] direction as tilt axis,
clockwise and counterclockwise alternately along the [010]
direction. This tilting can be quanti"ed through the a

1
and

a
2

angles, in such a way that a
1

is formed by the equatorial
plane of the octahedron and the basal plane xy of the unit
cell, and a

2
is de"ned by the Cr}O axial bond of the

octahedron and the z-axis of the unit cell. These angles are
slightly di!erent at RT, a

1
being smaller than a

2
(see Table

1), whereas in the case of the isomorphous PrCaCrO
4

oxide
they are almost identical with a value of 4.0(1)3. Both angles
obtained in the case of the NdCaCrO

4
oxide are greater

than those found in PrCaCrO
4
, according to the larger

orthorhombic distortion of the neodymium phase. The
meodymium and calcium atoms are nine-fold coordinated
and the coordination polyhedron is a monocapped square
antiprism; see Fig. 2. This coordination polyhedron is
strongly distorted with six di!erent distances (see Table 1):
there are two distances to four oxygen atoms (a and b) which
belong to the nearest-neighbor CrO

2
layer, three distances

to four oxygen atoms (d, e, and f ) which belong to the same
Nd

1@2
Ca

1@2
O layer, and the shortest one to the apical oxy-

gen atom (c) which belongs to the nearest-neighbor
Nd

1@2
Ca

1@2
O layer. This distortion, as can be clearly ob-

served, is due to the mentioned tilt of the (CrO
6
) octahedra.

The (CrO
6
) octahedra are tetragonally distorted with

a d
C3}O!9*!-

/d
C3}O%26!503*!-

ratio of 1.06; see Table 1. Moreover,
as a consequence of the orthorhombic distortion, the
cO}Cr}O angle within the octahedra basal plane takes the
value of 89.6(1)3; see Fig. 2.

Figure 3 shows the thermal dependence of the lattice
parameters a and b obtained from X-ray di!raction at high
temperature. A gradual increase of the a parameter with the
temperature can be observed, whereas the b parameter
shows a slight decrease. Both parameters become coincident
at 973 K, indicative of the existence of a reversible phase
transition of the type Orthorhombic (Bmab)PTetragonal
(I4/mmm), which is similar to that found in the isostructural
La

2
NiO

4
oxide (6). The continuous variation of the order

parameter points to a phase transition of the second
order. The lattice parameter plotted in the tetragonal phase
region of Fig. 3 is J2a

TI
, where a

TI
corresponds to

the lattice parameter of the tetragonal body centered unit
cell.

The structural characterization of the NdCaCrO
4

oxide
below RT has been made by neutron powder di!raction
measurements. Figure 4 shows the temperature variation of



FIG. 1. High resolution neutron powder di!raction pattern obtained at 300 K (circles) and calculated (solid line) for NdCaCrO
4

oxide. Vertical marks
show the position of allowed structural Bragg re#ections for NdCaCrO

4
(1) and CaO (2) oxides. A di!erence curve is plotted at the bottom of the pattern.

Reliability factors: R
81

"12.6 %, R
B
"6.66%, and s2"2.63.
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the di!raction patterns in the 2h angular range 53 to 59
degrees, between 250 and 10 K. The merging of the re#ec-
tions (200) and (020) upon cooling with an apparent inten-
sity increase up to 150 K due to the narrowing can be
observed. Below this temperature the intensity remains al-
most constant. This shows a tendency in the system toward
tetragonality. Nevertheless, the powder di!raction data
have been re"ned on the basis of an orthorhombic sym-
metry, space group Bmab. In Fig. 5 the thermal evolution of
the lattice parameters a and b from 250 to 1.5 K is shown.
On decreasing the temperature, both parameters remain
practically constant until the temperature reaches the value
of 180 K. At this temperature a and b parameters undergo
a sudden increase and decrease, respectively. Below 100 K
they remain almost constant down to 1.5 K. In La

2
NiO

4
oxide a similar but more pronounced variation in the lattice
parameters has been found (3). It has been associated with
a "rst order phase transition of the type orthorhombic
(Bmab) to Tetragonal (P4

2
/ncm) symmetry. However, the

Rietveld re"nements of the powder di!raction patterns ob-
tained at low temperature for the NdCaCrO
4

oxide on the
basis of a tetragonal symmetry, space group P4

2
/ncm, do

not give rise to a better result than considering orthorhom-
bic symmetry, space group Bmab. Therefore, the existence of
such a phase transition in the NdCaCrO

4
oxide cannot be

determined certainly, it being necessary to obtain single
crystal di!raction data to clarify this point. From all this, we
will consider that the orthorhombic symmetry, space group
Bmab, remains until 1.5 K.

3.2. Magnetic Behavior

Despite the lack of explicit calculation of the ratio be-
tween interplane and intraplane J exchange constants,
a more pronounced 3D magnetic behavior is expected for
RCaCrO

4
compared with R

2
NiO

4
and R

2
CuO

4
, whose 2D

behavior is favored by larger M}O(2) distances, taking into
account that the pathway for interplane superexchange in-
teractions proceeds through the apical oxygen of the MO

6
octahedra.



TABLE 1
Structural Parameters of NdCaCrO4 Oxide at RT Obtained

from Rietveld Re5nement of High Resolution Neutron Powder
Di4raction Data

a"5.3739(1) As Site x y z
b"5.4114(1) As
c"11.9536(3) As Nd/Ca 8 f 0 !0.0081 (7) 0.3585(2)
<"347.615(9) As 3 Cr 4a 0 0 0
B
07%3!--

"0.65(3) As 2 O1 8e 1/4 1/4 !0.0093(3)
O2 8 f 0 0.0341(6) 0.1692(3)

Cr}O1 (]4)"1.9114(3) As Nd/Ca}O1 (]2)"2.501(3) As (a)
Cr}O2 (]2)"2.039(3) As Nd/Ca}O1 (]2)"2.602(3) As (b)

Nd/Ca}O2 (]1)"2.274(4) As (c)
a
1
"4.7 (1)3 Nd/Ca}O2 (]1)"2.499(6) As (d)

a
2
"5.2 (1)3 Nd/Ca}O2 (]1)"2.953(6) As (e)

Nd/Ca}O2 (]2)"2.7109(5) As (f )

Note. Numbers in parentheses are estimated standard deviations.

FIG. 3. Temperature dependence of the lattice parameters a and
b above RT for NdCaCrO

4
oxide obtained from X-ray powder di!raction.

The lines are drawn to guide the eye.
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Figure 6 shows the temperature dependence of the mag-
netic susceptibility between 1.7 and 600 K. In the 300 to
600 K temperature range the magnetic susceptibility obeys
a Curie}Weiss law, s"3.60/(¹#241.2), and the calculated
magnetic moment is 5.38k

B
, which is slightly higher than

expected for the paramagnetic contribution of Nd3` and
Cr3` ions. Below 300 K the thermal evolution of the recip-
rocal magnetic susceptibility, see inset in Fig. 6, shows the
existence of a very tenuous in#ection point around 170 K
that could be due to the onset of antiferromagnetic ordering
in the Cr3` sublattice, like in the case of PrCaCrO

4
oxide

(15). These antiferromagnetic interactions have been con-
"rmed by neutron di!raction data, as will be discussed later.
The downward deviations from the Curie}Weiss behavior
FIG. 2. Chemical environment of Nd/Ca and Cr atoms. The Arabic
letters point out the six di!erent Nd/Ca}O distances of the monocapped
square antiprism polyhedron. See Table 1 for complementary information.
observed below 150 K can be assigned to the characteristic
behavior of the Nd3` ground state (4I

9@2
) under the in#u-

ence of the crystal "eld. However, at very low temperature
there is a gradual loss of the magnetic susceptibility signal.

With the aim of studying in depth this anomalous behav-
ior observed at low temperature, we have calculated the
paramagnetic susceptibility of the Nd3` below 140 K
through the Simple Overlap Model (SOM) (19, 20). This
model constitutes an alternative way for calculating the
crystal "eld parameters from the atomic positions in the
structure, as well as the angular overlap and the tree para-
meters models (21). It has been successfully applied to repro-
duce the phenomenological crystal "eld parameters for
a great number of lanthanides as well as for some 3d
elements and actinide compounds (22}25). SOM assumes
that the crystal "eld e!ect can be calculated by considering
a potential produced by an e!ective charge distribution over
a small region, proportional to overlap integrals and situ-
ated around the mid-point of the metal}ligand distance. It
calculates the Bk

q
parameters by the relation

Bk
q
"SrkT +

k
gkoke2 A

2

1$okB
k`1

A
4n

2k#1B
1@2 >k*

q
()k)

Rk`1k
,

which is expressed as

Bk
q
"SrkT +

k
ok A

2

1$okB
k`1

Ak
q
,

where Ak
q

is the lattice sum of neighbors belonging to the
"rst coordination sphere associated with a charge factor
gk and to the usual spherical harmonics, Srk

q
T are the radial

integrals whose numerical values are taken from (26) for the



FIG. 4. Temperature dependence of the intensity of Bragg re#ections (53(2h(59) from neutron di!raction patterns obtained at low temperature
(¹(RT).
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rare earth ions, and o is the overlap between the 4 f orbitals
of the central ion and the s and p orbitals of each ligand. Its
value varies as a function of the metal}ligand distance R,
according to an exponential law o"o

0
(R

0
/R)3.5 (27),

R
0

being the shortest metal}ligand distance, the minus sign
is applied when r

.%5!-
(r

-*'!/$
(20, 28). The overlap value

is small for the rare earths and for the actinides
(0.05(o(0.08) (22). This is in agreement with the usually
estimated values for the rare earths (29), for which the 4 f
orbitals are well protected from the chemical environment
by external 5s and 5p closed subshells and take a small part
in the chemical bonding. For the 3d elements the overlap is
found within its expected range of values (0.10(o(0.25)
(24).

The experimental susceptibility for NdCaCrO
4

and for
Nd3` calculated with SOM are displayed in Fig. 7, showing
a very good agreement between 140 and 50 K. Here it is
worth noting the lack of Cr3` magnetic moment contribu-
tion to the susceptibility due to the antiferromagnetic order
in the Cr3` sublattices. Below 50 K a progressive disagree-
ment between observed and calculated s takes place and
becomes very marked under 10 K. This behavior could
indicate the appearance of short-range magnetic correla-
tions of antiferromagnetic character within the Nd3` sub-
lattice, which justify on one hand the loss of the susceptibil-
ity signal observed experimentally and the deviation from
the calculated s, which does not take into account the
possibility of magnetic interactions. On the other hand, due
to the low dimensional nature of these magnetic correla-
tions, they are compatible with the nonexistence of a long
range magnetic order within the Nd3` sublattices, as shown
below based on neutron di!raction data. 3D magnetic or-
dering involving the Nd3` is not favored by the chemical
disorder (Ca2`/Nd3`) in the site 8 f.

Figure 8 shows a 3D-plot (intensity versus 2h and temper-
ature) of the obtained neutron di!raction patterns. The
indexed re#ections have been indicated together with their
nuclear (n) or magnetic (m) re#ection origin. Magnetic con-
tribution to the nuclear scattered intensity is observed
around 180 K. The gradual increase of the magnetic re#ec-
tions below this temperature points to the existence of
a progressive magnetic ordering. This behavior con"rms the
antiferromagnetic state in the Cr3` sublattice proposed
above from the magnetic susceptibility data. It is worth
noting the notable coincidence between the NeH el temper-
ature for the Cr3` sublattices and the sudden change in the
slope of the thermal variation of lattice parameters shown in
Fig. 5 which points to important magnetostriction e!ects in



FIG. 5. Temperature dependence of the lattice parameters a and b below RT for NdCaCrO
4

oxide.
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the structure. It is also worth noting the onset of the addi-
tional (100) magnetic re#ection at 30 K, whose intensity
increases progressively until 1.5 K (Fig. 8).

3.3. Magnetic Structure

All the magnetic re#ections observed below 180 K have
been indexed on the basis of a propagation vector
k"[000]. Numbering the four Cr magnetic sublattices in
FIG. 6. Thermal dependence of the magnetic susceptibility for
NdCaCrO

4
oxide. The inset shows the reciprocal susceptibility between

275 and 2 K.
Wycko! site 4a as 1 (0, 0, 0), 2 (1/2, 0, 1/2), 3 (0, 1/2, 1/2), and
4 (1/2, 1/2, 0); using the representation analysis, and taking
as generators of Bmab space group the B centering transla-
tion t (1/2 0 1/2), the helical axis 2

1y
and the rotation axis 2

z
,

one obtains the basis vectors for the irreducible representa-
tions of the space group Bmab, which could describe the
magnetic order for the Cr3` sublattices. The basis vectors
are constructed from the linear combinations of the spin
components of chromium atoms (30); see Table 2.
FIG. 7. Simulation of the paramagnetic susceptibility contribution of
the Nd3` ion in the NdCaCrO

4
oxide by the SOM method. Circles

represent experimental data and the solid line the calculated data.



FIG. 8. Temperature evolution of the neutron di!raction patterns
(20(2h(50) obtained below RT for NdCaCrO

4
oxide.

FIG. 9. Neutron powder di!raction patterns (D1B) obtained at (a) 100
and (b) 1.5 K. Circles represent raw data and the solid line is the calculated
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Rietveld re"nement of the powder di!raction data ob-
tained between 180 and 35 K shows that the best "t, regard-
ing the magnetic re#ections, is obtained with either G

x
or

C
y
F

z
, with F

z
"0, magnetic modes. The (011), or (101),

magnetic re#ection is the most intense one for these modes;
see Fig. 8. However, it is rather di$cult to distinguish
between both magnetic modes due to the pseudotetragonal
symmetry of the crystal structure in that temperature range.
Figure 9a shows the neutron di!raction pattern obtained at
100 K re"ned considering the G

x
mode. Therefore, the

NdCaCrO
4

oxide from 180 to 35 K presents the Cr3`
magnetic moments antiferromagnetically ordered in the xy
plane, along either x (G

x
) or y (C

y
) directions; see Fig. 10a.

The Cr3` magnetic moment value obtained at 35K is
2.5(1) k . This collinear magnetic structure is the same as
B

TABLE 2
Basis Vectors for the Irreducible Representations of Cr

Sublattices in Bmab (k 5 0), and Rules for Allowed Magnetic
Re6ections

x y z

!
1
(###) C 2 2

!
2
(##!) 2 F C

!
3
(#!#) 2 C F

!
4
(!##) 2 G A

!
5
(#!!) F 2 2

!
6
(!#!) A 2 2

!
7
(!!#) G 2 2

!
8
(!!!) 2 A G

F"S
1
#S

2
#S

3
#S

4
; h#l, k#l, h#k. All even.

G"S
1
!S

2
#S

3
!S

4
; h#l"odd, k#l"even, h#k"odd.

C"S
1
#S

2
!S

3
!S

4
; h#l"even, k#l"odd, h#k"odd.

A"S
1
!S

2
!S

3
#S

4
; h#l"odd, k#l"odd, h#k"even.

Note. S
i
represents a spin component of atom in i sublattice of the 4a

site.

pro"le. Rows (1)and (2) are the position of the allowed structural Bragg
re#ections for NdCaCrO

4
and CaO oxides, respectively; row (3) corres-

ponds to the magnetic ones for NdCaCrO
4

oxide. A di!erence curve is
plotted at the bottom of the pattern. Reliability factors: (a) R

81
"6.69%,

R
B
"1.68%, s2"1.84, and R

M
"13.5%; (b) R

81
"5.51%, R

B
"2.26%,

s2"4.89, and R
M
"10.7%. The asterisks indicate a small excluded area

due to the sample environment.
that proposed for the isostructural PrCaCrO
4

oxide (15).
However, while in the praseodymium phase this magnetic
structure remains until 1.5 K, in the case of the neodymium
phase the onset of the mentioned extra magnetic re#ection
(100), or (010), at 30 K (see Fig. 8) is indicative of certain
changes in the magnetic structure. The appearance of this
re#ection growing from 30 to 1.5 K is due to a spin reorien-
tation in the Cr3` sublattices, which not only involves
a change in the magnetic moment direction but a change in
the coupling of the Fourier components. So it is possible to
consider it as a magnetic phase transition from the magnetic
structure shown in Fig. 10a to that in Fig. 10b, which means
the gradual appearance of an antiferromagnetic ordered
component along the z direction.



FIG. 10. Proposed magnetic structures for NdCaCrO
4

oxide, (a) between 180 and 35 K (G
x
mode) and (b) below 30 K until1.5 K (G

x
and F

y
C

z
modes

with F
y
"0).
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The "t of the di!raction patterns corresponding to this
temperature range is only ful"lled considering the mixing of
irreducible representations, whose "rst consequence is that
the magnetic structure no longer remains collinear. The best
"t is obtained with a model !

7
= !

2
involving the basis

vectors G
x

and F
y
C

z
, with F

y
"0 (see Fig. 9b) and the

magnetic moments held in the xz plane (see Fig. 10b).
A non-null F

y
mode with k"0 means a net ferromagnetic

component in the y direction that is not observed in the
magnetic measurements and neutron data. Another possi-
bility to "t the pattern is by mixing !

3
(C

y
F

z
) and !

8
(A

y
G

z
)

with A
y
"F

z
"0 and therefore the magnetic moment on

the yz plane. This rather strange combination considering
the orthogonality conditions for basis functions removes in
turn certain ambiguity in the possible modes considered
before for PrCaCrO

4
and NdCaCrO

4
over 30 K; it seems

more reasonable !
7
(G

x
) than !

3
(C

y
, F

z
"0). The obtained

magnetic moment at 1.5 K from the Rietveld re"nement
shown in Fig. 9b is k"2.73(9) k

B
near the expected value

2S"3 k
B
; the components are k

x
"2.25(9) k

B
and k

z
"

1.5(1) k
B
.

On the other hand, there is no indication of contribution
on magnetic Bragg re#ections coming from the rare earths,
and it is not surprising that the Nd3` ions remains magneti-
cally disordered until 1.5 K, because they are magnetically
diluted by the presence of the diamagnetic Ca2` ions ran-
domly distributed within the same crystallographic posi-
tion. Nevertheless, the temperature at which the spin
reorientation takes place, 30 K, coincides with the temper-
ature at which the experimental magnetic susceptibility
values start to be noticeably di!erent from the calculated
ones; see Fig. 7. This fact seems to indicate that the spin
reorientation of the Cr3` sublattices could be induced by
the onset of local magnetic interactions between Nd3` and
Cr3` ions. This interpretation could justify the absence of
a spin reorientation in the magnetic structure of the isomor-
phous PrCaCrO

4
oxide, since it has been proposed that the

temperature-independent paramagnetism observed below
20 K in this oxide is owing to the existence of a non-
magnetic ground state of the Pr3` ion (31). On the other
hand, the magnetostriction e!ects clearly marked in this
system could indicate the coupling of order parameters of
lattice distortions and magnetic nature, and so the anisot-
ropic terms in the spin Hamiltonian are rather important
and may justify the admixture of di!erent modes (30).

Some additional work is now in progress in the isostruc-
tural RCaCrO

4
(R"Sm, Eu) in order to establish the

in#uence of the nature of the ground crystal "eld term of the
R3` ion in the magnetic behavior of this family of RCaCrO

4
compounds.
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