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We report investigations on the magnetic structure through the martensitic structural transformation in the
GdCu system obtained by means of neutron-diffraction experiments. At room temperature, the as-cast bulk
samples adopt a CsCl-type crystallographic structure, but when the temperature is lowered a martensitic
structural transformation CsCl→FeB takes place at around 250 K propagating down to 120 K. After a thermal
cycle through the forward and the reverse transformation, at room temperature the percentage of both phases
is found to be;25% for the CsCl-type structure and;75% for the FeB-type one. In contrast, in powdered
samples the CsCl-type phase is stable at any temperature. A comparative neutron thermodiffractometric study
in both types of samples allows us to separate and investigate the magnetic behavior of these phases. The
magnetic structure of the CsCl-type phase belowTN

CsCl5150 K is most consistent with a simple antiferromag-

netic one with a propagation vectorQCsCl5( 1
2,

1
2,0), the magnetic moments lying along thec direction. How-

ever, for the FeB-type structure belowTN
FeB545 K, the situation is more complex: a helimagnetic structure

with a propagation vectorQFeB5(0, 1
4,

1
4) is proposed. Furthermore, it is concluded that whileRCu cubic

magnetic structures could be understood within a simple isotropic free-electron Ruderman-Kittel-Kasuya-
Yosida model, an exchange anisotropy is needed in the orthorhombic GdNi12xCux compounds to account for
the evolution of the magnetic structures. Finally, an insight into the mechanism of the martensitic transforma-
tion is also discussed.@S0163-1829~99!08401-5#
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I. INTRODUCTION

Since the 1960s, much of the interest in the intermeta
RM compounds (R5rare earth,M5no magnetic transition
metal!1–4 has been devoted to the interaction mechanism
sponsible for the magnetic coupling between theR ions: the
isotropic bilinear exchange interaction which, in these int
metallic compounds, is mediated by conduction electro
This so-called Ruderman-Kittel-Kasuya-Yosida~RKKY ! in-
teraction is known to be long range and oscillatory with d
tance. However, the differences among the magnetic be
ior of equiatomicRM compounds cannot be attributed
internuclear separations only; the different type of magn
ordering ~ferro or antiferro! must be then driven mostly b
the number of conduction electrons. In addition, the chan
in this electron density could be also responsible for the
istence of structural transformations in these compounds

In particular, the equiatomicRCu series is characterize
by the existence of a lattice instability. The light rare-ear
based compounds crystallize in the orthorhombic FeB-t
structure, while the heavy ones do so in the cubic CsCl-t
PRB 590163-1829/99/59~1!/512~7!/$15.00
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structure. GdCu is the first in the series to adopt this cu
structure at room temperature, but is unstable showing a
dency to transform into a FeB-type one at lo
temperatures.5–8 This phase transition has been identified
a diffusionless thermoelastic martensitic transformation
ing characterized by a large thermal hysteresis at the
nounced volume and electrical resistivity anomalies.8–10 Af-
ter a suitable heat treatment up to 800 K the CsCl-ty
structure is recovered. The same type of structural trans
mation was also found in YCu and TbxY12xCu
compounds11–13 suggesting that the origin of these instabi
ties should not be related to 4f magnetic effects. Recen
results obtained from x-ray-absorption spectroscopy sho
that thes-d hybridization plays a major role in driving thi
cubic-orthorhombic transformation.14 In contrast, for pow-
dered GdCu samples x-ray and Mo¨ssbauer effect measure
ments down to 4.2 K showed that the CsCl-type structure
stable in the whole temperature range investigated, bec
the stress induced during the powdering process favors
CsCl-type structure.15

On the other hand, the equiatomicRNi compounds crys-
512 ©1999 The American Physical Society
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PRB 59 513MAGNETIC STRUCTURE OF GdCu THROUGH THE . . .
tallize within the CrB-type structure forR5La to Gd, and
within the FeB-type structure forR5Dy to Tm. In this way,
the substitution of Ni by Cu in the GdNi12xCux compounds
leads to a structural transformation CrB→FeB forx>0.2 and
to a change from ferromagnetism to antiferromagnetism
x>0.35.16 A thorough study of the magnetic structures
GdNi12xCux compounds (x50, 0.3, and 0.6! showed that
for x50.6 the magnetic structure is a simple helimagne

with a propagation vectorQFeB5(0,0, 1
4), the magnetic mo-

ments lying in the ab plane of the crystallographic
structure.17 However, the mechanism that drives the ma
netic order change in GdNi12xCux compounds is not ye
completely understood.

The different temperature dependence of the bulk
powdered samples~with and without martensitic transforma
tion, respectively!, allows us to perform a comparativ
neutron-diffraction study of both samples, which is repor
in this work.

Due to the high penetration depth of neutrons, this exp
ment provides a full picture of the crystal structure transf
mation in the whole sample, while previous x-ray studie7,8

reflect mainly surface transformations. This structural beh
ior strongly influences the macroscopic magnetic proper
and neutron-scattering measurements are then essential
vestigate the magnetic structures of the different phase
this system. This information will be necessary to establis
relation between the magnetism and the structural trans
mation in the GdCu system and in addition to have a dee
insight into the magnetic interactions of GdNi12xCux com-
pounds.

This paper is organized as follows: Section II is devo
to the experimental details of sample preparation, x-ray
macroscopic characterizations. Neutron-diffraction res
are given in Sec. III for both types of GdCu samples. Fina
Sec. IV is devoted to the analysis and discussion of
present results also considering those previously obtaine

II. SAMPLE PREPARATION AND EXPERIMENTAL
DETAILS

A. Sample preparation and x-ray characterization

About 20 g of polycrystalline GdCu specimens were p
pared by arc melting nominal 99.9% purity Gd and 99.99
nominal Cu in an inert atmosphere of purified Ar gas~the
GdCu melting point is 830 °C!. The samples were remelte
several times, and subsequently wrapped in Ta foil and
nealed under high vacuum at 800 °C for a week as was d
by Sarusiet al.9 The samples were very malleable, bei
necessary to file them in order to obtain powdered samp

Room-temperature x-ray powder-diffraction measu
ments revealed that the sample crystallizes in the CsCl-
phase. No other peaks corresponding to supplemen
phases were detected. At room temperature, the cell pa
eter of the CsCl-type cubic structure was found to
3.504~2! Å, which is very close to that previously publishe
3.502 Å.5,8,18In addition, the stoichiometry and homogene
of all the samples were analyzed by the x-ray dispers
analysis ~XDA ! technique and were found to be 5
62 at. % Gd and 4862 at. % Cu in all the sample analyze
regions.
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B. Macroscopic characterization:
Resistivity and magnetization measurements

In order to make a macroscopic characterization of
bulk GdCu samples, we have performed resistivity by the
four-probe method and magnetization measurements. In
former the contacts were made by pressure and the mea
ments were repeated several times. In Fig. 1 we show
different thermal cycles of the electrical resistivityr for
GdCu. The first one corresponds to the as-cast bulk Gd
sample and the second one was obtained from the s
specimen after annealing at around 800 K for 10 h. In b
cases, the sample was firstly cooled from room tempera
to 1.5 K and then heated up to room temperature, as sh
by the arrows on the resistivity curves. The differences
served in the absolute values between both measuremen
due to the propagation of microcracks in the samples, rele
ing the internal stress and leading to higher values of
resistivity. These measurements are in good agreement
those published previously.8 The negativedr/dT behavior,
observed in the temperature interval between 250 and 15
is ascribed to the progressive martensitic transformation
the FeB-type structure. The change of the slopedr/dT at
around 45 and 150 K is attributed to the magnetic ordering
the FeB-type and the CsCl-type phases, respectively.
worth mentioning that in spite of the cracks propagation
main features of both curves are fully reproducible:TN

CsCl,
TN

FeB, and the temperature range of the martensitic trans
mation. Furthermore, as the cracks propagation takes ma
place during the cooling process19 and both resistivity
curves, which were measured while heating, collapse un
normalization, it could be deduced that the annealing proc
does not modify the evolution of the nominal percentage
the crystalline phases.

In Fig. 2 we plot the ac magnetization,M 8 andM 9, ver-
sus temperature at 5 kHz measured in a bulk GdCu sam
Only clear evidence of the ordering temperature of the F
type phase,TN

FeB, is detected, because at the Ne´el tempera-
ture of the CsCl-type structure,TN

CsCl5150 K, most of the

FIG. 1. Temperature dependence of the electrical resistivity
bulk GdCu. The arrows on the resistivity curves indicate the m
suring direction. The vertical arrows denote the structural mart
sitic transformation,TMT and the ordering temperatures of the CsC
type,TN

CsCl, and FeB-type,TN
FeB, phases. The full line correspond

to the first resistivity measurement, while the dotted one co
sponds to the same sample after annealing at 800 K during 10
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514 PRB 59J. A. BLANCO et al.
bulk sample has a FeB-type structure~see below!. On the
other hand, the hump observed in the imaginary compon
M 9 between 250 and 150 K is also related to the martens
transformation, confirming that this transition has a grad
character and it is accompanied by a considerable struc
disorder of the lattice. The observed variations of the m
netization coincide to a high degree with those previou
found.8

C. Neutron-diffraction experiments

The neutron absorption cross section of natural ga
linium is extremely high for thermal neutrons, but this a
sorption is significantly reduced for neutron wavelengths
l50.5 Å. For this reason, neutron-diffraction experimen
were performed on theD4 diffractometer situated in theH8
hot neutron beam working with a momentum transferQ,
0.3,Q/Å ,24 at the Institut Laue-Langevin in Grenoble.
normal operation the instrument which is on a Tanzbod
has two independent 2u arms that cover, respectively, th
low and high angle part of the scattering pattern. In the m
tidetectors, the cell spacing is such as to give 0.1° steps
sample to detector distance about 1.5 m.

In order to investigate the magnetic structures of GdCu
both phases, the CsCl-type and the FeB-type, we have
ried out experiments in powdered and bulk samples. Typ
counting time was 5 h per spectrum. We have collected sp
tra on cooling at 300, 180, 140, 130, 120, 80, 40, and 5 K for
powdered GdCu samples, which has only the CsCl-t
structure, and in the same way we have recorded data at
220, 180, 160, 120, 5, 20, 40, 80, 120, 140, 180, and 30
in bulk GdCu samples in which both types of crystal stru
tures coexist. The comparative analysis of these two exp
ments allows us to separate the contribution observed in
bulk GdCu spectra. For the analysis we have applied
Rietveld method to refine the nuclear and magnetic str
tures using the programFULLPROF.20 The magnetic form fac-
tor of Gd31 has been taken from Ref. 21, while Cu atoms
assumed to be nonmagnetic. We have used the scatt
length bGd51.2(1)10212 cm taken from previous works
with comparable neutron wavelength.22,23The refined param-
eters were: the scale factor, the cell parameters, the ato
positions of the Gd and Cu ions in the FeB orthorhom

FIG. 2. Temperature dependence of ac magnetizationM 8 and
M 9 at 5 kHz for bulk GdCu. The vertical arrows denote the ord
ing temperatures of the CsCl-type and FeB-type phases.
nt
ic
l

ral
-

y

-
-
f

s

n,

l-
t a

n
ar-
al
-

e
00,
K
-
ri-
he
e

c-

e
ing

ic
c

structure, theh parameter of the pseudo-Voigt profile sha
function, and the components of the magnetic moments.

III. NEUTRON-DIFFRACTION RESULTS

A. Powdered GdCu samples: Cubic CsCl-type structure

Figure 3 shows the observed and calculated pattern
powdered GdCu samples obtained at 300, 140, and 5 K.
neutron-diffraction peaks observed at temperatures ab
TN

CsCl5150 K were easily indexed on a cubic CsCl-type u
cell. In all the spectra no peaks of the FeB-type struct
were detected at any temperature confirming that the p
dered samples have only a CsCl-type structure.

Below 150 K an additional set of reflections is observe
their intensity increasing when temperature is lower
These new peaks have been indexed on the basis of a
netic unit cell doubled along two cube edges. This is char
teristic of an antiferromagnetic structure of th

~p,p,0!-type,24 i.e., propagation vectorQCsCl5( 1
2,

1
2,0). In

order to account for the magnetic intensities the magn
moments must be parallel to thec axis. However, it is im-
portant to note that this magnetic collinear antiferromagne
structure and noncollinear~multiaxis! magnetic structures
may give rise to the same neutron-diffraction patterns.25 To
remove this ambiguity further experiments on single cryst
or Mössbauer spectroscopy are necessary. This situation
also found in heavyRCu compounds (R5Tb, Dy, Ho, Er,
and Tm!.26 At low temperatures they order within th

-

FIG. 3. Neutron-diffraction patterns of powdered GdCu sam
at 300, 140, and 5 K, these patterns have been selected as the
characteristic among the set of measurements done. The solid
corresponds to the Rietveld refinements. The upper~lower! vertical
marks are the nuclear~magnetic! peaks.
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PRB 59 515MAGNETIC STRUCTURE OF GdCu THROUGH THE . . .
~p,p,0!-type structure, while for most of them, near the Ne´el
temperature, this ordering is replaced by a more comp
one, resulting from the competition between crystalline el
tric field ~CEF! and exchange interactions. In the prese
GdCu case the~p,p,0! equal moment structure remain
stable throughout the whole temperature range.

On the other hand, the temperature dependence of
ordered Gd31 magnetic moment obtained from our fittings
neutron-diffraction patterns in powdered samples is rep
sented in Fig. 4 together with the theoretical variation o
tained using aB7/2 Brillouin function. The agreement be
tween both variations is quite good indicating that the RKK
exchange interactions in this compound have an almost
tropic character. The results of the refinements are sum
rized in Table I. The inferior quality of theRmag factor ap-
proaching the Ne´el temperature reflects the smaller values
the magnetic signal.

B. Bulk GdCu samples: Orthorhombic FeB-type structure

The neutron-diffraction patterns of bulk GdCu sampl
collected from room temperature down to 5 K in thecooling
and heating process detailed above, are depicted in Fig
and 6. At 300 K the pattern is quite well described cons
ering only the CsCl-type structure but at 220 K the resu
are only consistent when the FeB-type one is also include
the refinements. The results at this temperature lead

FIG. 4. Temperature dependence of the reduced ordered m
netic moment in GdCu samples. The solid line corresponds to
Brillouin function for J57/2. Thed are the values of the magnet
moment of the powdered CsCl-type phase. For a comparison
have displayed the values obtained for the FeB-type GdCu p
~3! in bulk samples.

TABLE I. Final parameters obtained from the neutro
diffraction profile refinements in a powdered GdCu sample~CsCl
phase!.

T ~K! a ~Å! RB ~%! M (mB) Rmag ~%!

300 3.495~2! 12.0
180 3.491~2! 8.1
140 3.488~3! 7.9 2.860.1 34.5
130 3.485~1! 7.0 3.560.1 14.5
120 3.484~1! 5.1 4.3160.05 10.7
80 3.483~1! 6.6 6.0560.05 6.7
40 3.480~1! 7.5 6.9760.05 8.5
5 3.481~1! 7.0 7.2460.06 9.1
x
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percentage of each phase of 62 and 38%, respectively. W
the temperature is lowered the percentage of the FeB-
structure increases progressively and reaches approxim
the value of 75% below 120 K. The corresponding pha
percentages extracted from the fittings of neutron patte
along the thermal cycle are presented in Fig. 7. The fi
crystallographic parameters appear in Table II. The relativ
poor refinements in the FeB and CsCl phases in the b
sample together with the slight differences observed in
lattice parameters of the CsCl-type phase between powd
and bulk samples result from the difficulty in describing bo

g-
e

e
se

FIG. 5. Neutron-diffraction patterns of the bulk GdCu sample
300, 220, 180, 160, 120, and 5 K in thecooling process. The solid
line corresponds to the Rietveld refinements. The upper and lo
marks at 220, 180, and 160 K are associated with the CsCl and
FeB-type structures, respectively. Below 150 K the third verti
marks correspond to the magnetic structure of the CsCl-type p
and finally below 40 K the fourth vertical marks are due to t
magnetic phase of the FeB-type one.

FIG. 6. Neutron-diffraction patterns of bulk GdCu sample at 2
40, 80, 120, 180, and 300 K in the heating process. The ma
follow the same criteria as in Fig. 5.
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phases accurately due to the problems of the peak shape
the strong effect of coarse grains, inherent to the nature
our sample. At this point it is worth mentioning that th
quality of the refinements are clearly improved after the th
mal cycle described in Sec. II C~see Table II and Figs. 5 an
6!.

The temperature dependence of the GdCu unit cell of b
types of structures is shown in Fig. 8. At room temperatu
the FeB-type structure has a volume larger than that of
CsCl-type one, but quite similar at low temperatures. T
absence of any crossover of the cell volumes~see Fig. 8!
seems to indicate that the volume contraction is not the d
ing parameter for the martensitic transformation. Howev
in order to ascertain this circumstance more precise d
about the coordination environments, details of bond d
tances, etc. are needed in the vicinity ofTMT5250 K.

As can be seen in Figs. 5 and 6 the analysis of the patt
below 150 K have been carried out taking into considerat
the magnetic structure of the CsCl phase~p,p,0! with the
fixed characteristics obtained for the powdered sam
~Table I!, and below 50 K the magnetic structure of the F
phase must be also considered. Concerning the mag

FIG. 7. Temperature dependence of the percentage of the C
type and the FeB-types structures in bulk GdCu samples. Lines
visual guides.
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structure of the FeB-type phase, it is worth noticing that
magnetic peak observed around 2u52° @see Fig. 5
(T55 K) and Fig. 6 (T520 K)# can be indexed with a
propagation vectorQFeB5(0, 1

4,
1
4) in the orthorhombic cell.

Due to the poor resolution atl50.5 Å in D4, which pre-
vents a straightforward separation of the magnetic peaks~see
Figs. 5 and 6!, it is quite difficult to ascertain the actua
magnetic structure model of the FeB-type phase. Many
ferent attempts with magnetic arrangements~sine-wave-
modulated, antiphase, etc.! were unsuccessfully undertake
considering the~0,1

4,
1
4! periodicity. However, regarding the

helimagnetic structure of the GdNi0.4Cu0.6 compound, which
is close to GdCu in composition and with the same F
structure, we have tried a helimagnetic structure with
propagation vector~0,1

4,
1
4! for the GdCu~FeB! phase. This

structure is that which offers the closest agreement with
experimental pattern out of all the considered possibiliti
The magnetic intensities are consistent with a magnetic
ment of 7.0mB at 5 K for the Gd31 in the FeB-type GdCu
phase, with the magnetic moments lying in the plane perp
dicular to the@011# direction. The temperature dependen
of this magnetic moment is also shown in Fig. 4, and in sp
of the larger error bar, it agrees also with theB7/2 Brillouin
law.

Cl-
re

FIG. 8. Temperature dependence of the GdCu unit cell for
CsCl-type and the FeB-type phases. Lines are visual guides.
ts in
Gd,
TABLE II. Final crystallographic parameters obtained from the neutron-diffraction profile refinemen
bulk GdCu sample. The atomic positions of the FeB-type GdCu structure were found to be:x
50.185(3), z50.150(3); Cu,x50.027(4), z50.625(4).

GdCu ~CsCl-type! GdCu ~FeB-type!
T ~K! a ~Å! Percent.~%! RB ~%! a ~Å! b ~Å! c ~Å! Percent.~%! RB ~%!

300 3.492~2! 100~5! 18.0
220 3.496~2! 62~5! 18.4 7.13~3! 4.527~16! 5.46~2! 38~5! 22.4
180 3.496~3! 42~6! 21.2 7.14~2! 4.519~9! 5.47~1! 58~6! 19.5
160 3.493~3! 35~7! 21.8 7.15~2! 4.511~9! 5.46~1! 65~7! 22.8
120 3.481~3! 25~8! 19.3 7.12~1! 4.502~8! 5.45~1! 75~8! 19.1

5 3.480~2! 20~9! 14.2 7.05~1! 4.406~7! 5.446~9! 80~9! 15.7
20 3.489~6! 25~9! 21.0 7.03~1! 4.431~7! 5.441~8! 75~9! 17.0
40 3.481~3! 20~8! 23.6 7.02~1! 4.476~7! 5.441~8! 80~8! 20.0
80 3.471~3! 27~7! 25.0 7.09~1! 4.475~9! 5.430~10! 73~7! 24.3

120 3.481~2! 25~5! 22.1 7.09~1! 4.508~8! 5.466~9! 75~5! 22.0
180 3.496~3! 26~5! 16.1 7.15~1! 4.527~8! 5.471~8! 74~5! 17.8
300 3.495~3! 25~5! 11.8 7.13~1! 4.522~8! 5.498~8! 75~5! 14.9
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IV. ANALYSIS AND DISCUSSION

The combined structural and magnetic characteriza
carried out gives a clearer description of the phase stab
of this system, especially in the bulk sample where b
structural~CsCl and FeB! and magnetic@~p,p,0! and heli-
magnetic ~0,1

4,
1
4!# phases coexist at low temperatures~see

Figs. 4, 7, and 8!. This analysis has been possible due to
careful characterization of the magnetic structure of the C
phase~powdered sample! which permits microscopic infor-
mation about the magnetism of the FeB phase of GdCu to
obtained. The soundness of this microscopic analysis ca
remarked through the comparison with previous macrosco
results. In this way the detailed neutron data~Table II and
Figs. 7 and 8! allow us to estimate the variation of the ave
age thermal expansion~Fig. 9! which reproduces with excel
lent agreement the macroscopical thermal-expansion m
surements reported in Ref. 10, showing that the change
volume are associated with the martensitic structural tra
formation CsCl→FeB in bulk samples. Furthermore, seve
relevant points regarding the martensitic transformation it
and the evolution of the magnetic structure in GdNi12xCux
compounds can be underlined from this study. The first co
ment of the discussion concerns the structural transition
has been well established that such a transition takes p
by means of a martensitic transformation, which is not
lated to the onset of the magnetic order.8,10,12,13Our neutron-
diffraction experiments, especially the temperature dep
dence of the lattice parameters in the powdered samp
without any anomaly~see Table I! suggests that the trans
tion CsCl→FeB is completely suppressed in the whole po
dered sample, and not only on the surface. In fact, previ
x-ray analysis8 only probes the sample surface. On the oth
hand, in bulk samples, when the martensitic transforma
takes place, we found a coexistence of both phases. At
the CsCl phase is still present around;20%, maintaining
this percentage throughout the heating back up to ro
temperature process.

FIG. 9. Average thermal expansionDL/L of the bulk GdCu
extracted from the data of crystallographic refinements~Table II!.
Lines are visual guides.
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The second important point is related to the magne
structure of the CsCl-type GdCu phase. As well as for
otherRCu compounds, GdCu orders with a~p,p,0!-type ar-
rangement, although the actual direction of the magnetic m
ments is not definitively well established for GdCu. How
ever, this case is quite interesting in order to clarify the r
of the CEF and the exchange interactions for determining
direction of the magnetic moments in theRCu compounds.
The fact that almost all of these compounds have, at lea

low temperatures,QCsCl5( 1
2,

1
2,0) as propagation vector, in

dicates continuity and a link through the full series. Th
feature could be understood within the framework of
simple RKKY model considering the conduction electrons
free electrons.27 Under these assumptions the Fourier tra
form of the bilinear exchange interaction,J(q), could be
easily calculated for different spin arrangements as a fu
tion of the Fermi wave vectorkF ~see Fig. 2 of Ref. 27!. For
the case of GdCu,kF could be estimated to be 0.69 (2p/a)
and for this value the antiferromagnetic structure of~p,p,0!-
type is the most stable one. This indicates that theJ(q)
variation has a marked maximum aroundQCsCl through all
the RCu series, and the existence of these structures for
CsCl phases is mainly due to the isotropic exchange inte
tions in lieu of CEF effects.

The third important aspect to be mentioned concerns
FeB-type GdCu phase and the related GdNi12xCux com-
pounds. The main magnetic properties of these orthorhom
GdNi12xCux are presented in Table III. When the Cu co
centration increases a transition from ferromagnetismx
50.3) to antiferromagnetism (x50.6 and 1.0! is developed.
In addition, the magnetic momentM is along theb axis in
the ferromagnetic compounds and changes towards a d
tion lying in a plane perpendicular to@011# for x51. To
explain this modification some kind of anisotropic intera
tions must be considered. As Gd31 has L50, the CEF is
expected to be almost negligible in first order. The anis
ropy could originate from the low symmetry of the crysta
line structure and its effect on the conduction band, which
responsible for the propagation of the magnetic interactio
In particular, the variation of the ordering (TC,N) or para-
magnetic Curie (up) temperatures17 confirms the importance
of this anisotropy. It is clear that as the interaction is n
isotropic, the simple model of Ref. 27 is no longer vali
Then the present results strongly support a profound revis
of this model in order to take into account the actual shape
the Fermi surface to explain how the magnetic interactio
are propagated from one site to another through the con
tion band when the Ni ions are substituted by the Cu on

In conclusion, this study points out the differences in t
magnetic properties of the cubic and orthorhombic Gd
phases. A joint analysis of neutron-diffraction experime
on powdered and bulk samples has allowed us to investi
ts
TABLE III. Magnetic properties of FeB-type GdNi12xCux compounds.

x Type of ordering TC,N ~K! up ~K! Propag. vector Direction of magnetic momen

0.3 F 68 75 ~0, 0, 0! M i@010#
0.6 AF 63 69 ~0, 0, 1/4! M'@001#
1.0 AF 48 240 ~0, 1/4, 1/4! M'@011#
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the magnetic structure of both systems. While a sim
RKKY model based on a spherical Fermi surface can be u
to understand the stability of the~p,p,0!-type magnetic
phase in the cubic GdCu, we found that this model can
adequately describe the change of magnetic behavior in
orthorhombic GdNi12xCux compounds. This feature sug
gests that the topology of the Fermi surface in this ort
rhombic system seems to be quite relevant in order to
plain the anisotropy observed in the magnetic interactio
This confirms the importance of electronic effects on
stability of structural and magnetic orderings on these R
s
.
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compounds. Further theoretical studies on this problem co
consider this system as a model one.
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