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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 Cs€lFeB 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 and75% 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 beltﬁl?/c'= 150 K is most consistent with a simple antiferromag-
netic one with a propagation vect@csc'z(%,%,O), the magnetic moments lying along thelirection. How-

ever, for the FeB-type structure beloVE,eB=45 K, the situation is more complex: a helimagnetic structure

with a propagation vectoQFEB=(0,%,%) is proposed. Furthermore, it is concluded that wHR€u 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, GANi, compounds to account for

the evolution of the magnetic structures. Finally, an insight into the mechanism of the martensitic transforma-
tion is also discussedlS0163-1829)08401-5

[. INTRODUCTION structure. GdCu is the first in the series to adopt this cubic
structure at room temperature, but is unstable showing a ten-
Since the 1960s, much of the interest in the intermetallicddency to transform into a FeB-type one at low
RM compounds R=rare earthM =no magnetic transition temperatures:® This phase transition has been identified as
meta)’~* has been devoted to the interaction mechanism rea diffusionless thermoelastic martensitic transformation be-
sponsible for the magnetic coupling between Bhimns: the ing characterized by a large thermal hysteresis at the pro-
isotropic bilinear exchange interaction which, in these inter-nounced volume and electrical resistivity anomafigS.Af-
metallic compounds, is mediated by conduction electronster a suitable heat treatment up to 800 K the CsCl-type
This so-called Ruderman-Kittel-Kasuya-YosiRKKY) in-  structure is recovered. The same type of structural transfor-
teraction is known to be long range and oscillatory with dis-mation was also found in YCu and J%H; ,Cu
tance. However, the differences among the magnetic behagompounds 13 suggesting that the origin of these instabili-
ior of equiatomicRM compounds cannot be attributed to ties should not be related tof 4magnetic effects. Recent
internuclear separations only; the different type of magnetiacesults obtained from x-ray-absorption spectroscopy showed
ordering(ferro or antiferrg must be then driven mostly by that thes-d hybridization plays a major role in driving this
the number of conduction electrons. In addition, the changesubic-orthorhombic transformatidfi.In contrast, for pow-
in this electron density could be also responsible for the exdered GdCu samples x-ray and &&bauer effect measure-
istence of structural transformations in these compounds. ments down to 4.2 K showed that the CsCl-type structure is
In particular, the equiatomiRCu series is characterized stable in the whole temperature range investigated, because
by the existence of a lattice instability. The light rare-earth-the stress induced during the powdering process favors the
based compounds crystallize in the orthorhombic FeB-typ&sCl-type structuré?
structure, while the heavy ones do so in the cubic CsCl-type On the other hand, the equiatonf#iNi compounds crys-

0163-1829/99/5d)/512(7)/$15.00 PRB 59 512 ©1999 The American Physical Society



PRB 59 MAGNETIC STRUCTURE OF GdCu THROUGH TH. . . 513

tallize within the CrB-type structure fdR=La to Gd, and -
within the FeB-type structure fdR=Dy to Tm. In this way, 150 F  Bulk GdCu -7 A
the substitution of Ni by Cu in the GdNi,Cu, compounds .-
leads to a structural transformation GrEeB forx=0.2 and ’E“ L

to a change from ferromagnetism to antiferromagnetism for S 00 F / s ]
x=0.351° A thorough study of the magnetic structures of  C} N

GdNi; _,Cu, compounds X=0, 0.3, and 0.6 showed that %

for x=0.6 the magnetic structure is a simple helimagnetic ol 4 Ve i
with a propagation vecto@™E=(0,0,3), the magnetic mo- o T ca

ments lying in the ab plane of the crystallographic ,' TTFeB e TT

structuret’ However, the mechanism that drives the mag- o LN : ‘ MT

netic order change in GdNi,Cu, compounds is not yet 0 50 100 150 200 250 300 350

completely understood.

The different temperature dependence of the bulk and
powdered sample@vith and without martensitic transforma-
tion, respectively, allows us to perform a comparative
_neut_ron-dlffractlon study of both samples, which is reportecQuring direction. The vertical arrows denote the structural marten-
in this work. . . . _sitic transformationT ;; and the ordering temperatures of the CsCl-

Due to the high penetration depth of neutrons, this experiype TCsC and FeB-typeT 8, phases. The full line corresponds
ment provides a full picture of the crystal structure transforg the first resistivity measurement, while the dotted one corre-

mation in the whole sample, while previous x-ray stubifes  sponds to the same sample after annealing at 800 K during 10 h.
reflect mainly surface transformations. This structural behav-

ior strongly influences the macroscopic magnetic properties B. Macroscopic characterization:
and neutron-scattering measurements are then essential to in- Resistivity and magnetization measurements
vestigate the magnetic structures of the different phases in

. g : . : In order to make a macroscopic characterization of our
this system. This information will be necessary to establish A
; . ulk GdCu samples, we have performed resistivity by the ac
relation between the magnetism and the structural transfor:

mation in the GdCu svstem and in addition to have a dee four-probe method and magnetization measurements. In the
o . ysten . ; PShrmer the contacts were made by pressure and the measure-
insight into the magnetic interactions of GgNjCu, com-

ments were repeated several times. In Fig. 1 we show two
pounds.

This paper is organized as follows: Section Il is OleVoteddlfferent thermal cycles of the electrical resistivipy for

i ; . g-dCu. The first one corresponds to the as-cast bulk GdCu
to the experimental details of sample preparation, x-ray an :
Sample and the second one was obtained from the same

macroscopic characterizations. Neutron-diffraction results . .
are given in Sec. Il for both types of GdACu samples. FinaIIy,SpeCImen after annealing at around 800 K for 10 h. In both
Sec. IV is devoted to the analysis and discussion of th
present results also considering those previously obtained.

Temperature (K)

FIG. 1. Temperature dependence of the electrical resistivity for
ulk GdCu. The arrows on the resistivity curves indicate the mea-

cases, the sample was firstly cooled from room temperature
%0 1.5 K and then heated up to room temperature, as shown
by the arrows on the resistivity curves. The differences ob-
served in the absolute values between both measurements are

Il. SAMPLE PREPARATION AND EXPERIMENTAL QUe to the propagation of microcr_acks in Fhe samples, releas-
DETAILS ing the internal stress and leading to higher values of the
resistivity. These measurements are in good agreement with

A. Sample preparation and x-ray characterization those published previousfyThe negativedp/dT behavior,

About 20 g of polycrystalline GdCu specimens were pre__observ_ed in the temperatur_e interval be_t_ween 250 anc_i 15_0 K,
pared by arc melting nominal 99.9% purity Gd and 99.99%S ascribed to the progressive martensitic transformation into
nominal Cu in an inert atmosphere of purified Ar gase  (he FeB-type structure. The change of the sldpédT at
GdCu melting point is 830 °C The samples were remelted around 45 and 150 K is attributed to the magnetic o_rdenng in
several times, and subsequently wrapped in Ta foil and arih® FeB-type and the CsCl-type phases, respectively. It is
nealed under high vacuum at 800 °C for a week as was don\@or'th mentioning that in spite of the cracks prop'agatgn the
by Sarusiet al? The samples were very malleable, beingMain features of both curves are fully reprodU(:le(%s ,
necessary to file them in order to obtain powdered samplediy ", and the temperature range of the martensitic transfor-

Room-temperature x-ray powder-diffraction measure-mation. Furthermore, as the cracks propagation takes mainly
ments revealed that the sample crystallizes in the CsCl-typelace during the cooling procéSsand both resistivity
phase. No other peaks corresponding to supplementagurves, which were measured while heating, collapse under
phases were detected. At room temperature, the cell paramfiormalization, it could be deduced that the annealing process
eter of the CsCl-type cubic structure was found to bedoes not modify the evolution of the nominal percentage of
3.5042) A, which is very close to that previously published the crystalline phases.

3.502 A>®18|n addition, the stoichiometry and homogeneity  In Fig. 2 we plot the ac magnetization’ andM”, ver-
of all the samples were analyzed by the x-ray dispersiveéus temperature at 5 kHz measured in a bulk GdCu sample.
analysis (XDA) technique and were found to be 52 Only clear evidence of the ordering temperature of the FeB-
+2at. % Gd and 482 at. % Cu in all the sample analyzed type phaseT{®, is detected, because at théeNesmpera-
regions. ture of the CsCl-type structurd,5°“'=150 K, most of the
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FIG. 2. Temperature dependence of ac magnetizaidnand |ty gt — |
M” at 5 kHz for bulk GdCu. The vertical arrows denote the order-
ing temperatures of the CsCl-type and FeB-type phases.

- T=5K 1
bulk sample has a FeB-type structusee below. On the
other hand, the hump observed in the imaginary component
M"” between 250 and 150 K is also related to the martensitic
transformation, confirming that this transition has a gradual 0r Pl I
character and it is accompanied by a considerable structural SPORYSHN. V0 M SN SN
disorder of the lattice. The observed variations of the mag-
netization coincide to a high degree with those previously
found®

1.0 x10° 1

0 10 20 30 40 50
2*Bragg angle (degrees)
FIG. 3. Neutron-diffraction patterns of powdered GdCu sample
at 300, 140, and 5 K, these patterns have been selected as the most
characteristic among the set of measurements done. The solid line
The neutron absorption cross section of natural gadoeorresponds to the Rietveld refinements. The ugloever) vertical
linium is extremely high for thermal neutrons, but this ab-marks are the nuclegmagneti¢ peaks.
sorption is significantly reduced for neutron wavelengths of
A=0.5A. For this reason, neutron-diffraction experimentsstructure, they parameter of the pseudo-Voigt profile shape
were performed on thB4 diffractometer situated in thd8  function, and the components of the magnetic moments.
hot neutron beam working with a momentum trans@gr
0.3<Q/A <24 at the Institut Laue-Langevin in Grenoble. In
normal operation the instrument which is on a Tanzboden, IIl. NEUTRON-DIFFRACTION RESULTS
has two independenté2arms that cover, respectively, the A powdered GdCu samples: Cubic CsCl-type structure
low and high angle part of the scattering pattern. In the mul-

; P ; o Figure 3 shows the observed and calculated patterns of
tidetectors, the cell spacing is such as to give 0.1° steps at a )
sample to detector dipstancge about 1.5 m g P powdered GdCu samples obtained at 300, 140, and 5 K. The

In order to investigate the magnetic structures of GdCu imgggon'diffradion peaks observed at temperatures above

both phases, the CsCl-type and the FeB-type, we have caf~ =150 K were easily indexed on a cubic CsCl-type unit
ried out experiments in powdered and bulk samples. Typicafell- In all the spectra no peaks of the FeB-type structure
counting time wa 5 h per spectrum. We have collected spec\Vere detected at any temperature confirming that the pow-
tra on cooling at 300, 180, 140, 130, 120, 80, 4af &K for ~ dered samples have only a CsCl-type structure.

powdered GdCu samples, which has only the CsCl-type I_3elpw 15Q K_an add_ltlonal set of reflections is observed,
structure, and in the same way we have recorded data at 30f}€ir intensity increasing when temperature is lowered.
220, 180, 160, 120, 5, 20, 40. 80, 120, 140, 180, and 300 Q’hese new peaks have been indexed on the basis of a mag-
in bulk GdCu samples in which both types of crystal Struc_ne’;ic_unit cell doubled _along two Cu_be edges. This is charac-
tures coexist. The comparative analysis of these two experféristic of ~an  antiferromagnetic  structure of the
ments allows us to separate the contribution observed in ther,7,0)-type?* i.e., propagation vectoQ“®'=(3,3,0). In

bulk GdCu spectra. For the analysis we have applied therder to account for the magnetic intensities the magnetic
Rietveld method to refine the nuclear and magnetic strucmoments must be parallel to tleaxis. However, it is im-
tures using the prograruLLPROF® The magnetic form fac- portant to note that this magnetic collinear antiferromagnetic
tor of G has been taken from Ref. 21, while Cu atoms arestructure and noncollineafmultiaxisy magnetic structures
assumed to be nonmagnetic. We have used the scatterimgay give rise to the same neutron-diffraction pattériso
length bgg=1.2(1)10 2 cm taken from previous works remove this ambiguity further experiments on single crystals
with comparable neutron wavelendgt?>The refined param- or Mossbauer spectroscopy are necessary. This situation was
eters were: the scale factor, the cell parameters, the atomaso found in heav\RCu compounds R=Tb, Dy, Ho, Er,
positions of the Gd and Cu ions in the FeB orthorhombicand Tm).?® At low temperatures they order within the

C. Neutron-diffraction experiments
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FIG. 4. Temperature dependence of the reduced ordered mag  2.0x10° i. T=180K | To5K |
netic moment in GdCu samples. The solid line corresponds to the L0x10°] 1
Brillouin function for J=7/2. The® are the values of the magnetic el A,, M) S ]
moment of the powdered CsCl-type phase. For a comparison we 0'-L o sk b g ‘i.L‘éi,‘...\‘...'.‘ﬂdg."-"”ﬂ‘.&w:ﬁﬂﬁq
have displayed the values obtained for the FeB-type GdCu phase T T Aol ]
(X) in bulk samples. 0 5 10 1520 25 0 5 10 15 20 25 30

2*Bragg angle (degrees)

(7, 7,0)-type strupture, W-hlle-for most of them, near theeNe FIG. 5. Neutron-diffraction patterns of the bulk GdACu sample at
temperature, this ordering is replaced by a more complexog, 220, 180, 160, 120, drf K in thecooling process. The solid
one, resulting from the competition between crystalline electine corresponds to the Rietveld refinements. The upper and lower
tric field (CEF and exchange interactions. In the presentmarks at 220, 180, and 160 K are associated with the CsCl and the
GdCu case the(m,7,0) equal moment structure remains FeB-type structures, respectively. Below 150 K the third vertical
stable throughout the whole temperature range. marks correspond to the magnetic structure of the CsCl-type phase
On the other hand, the temperature dependence of thend finally below 40 K the fourth vertical marks are due to the
ordered G&" magnetic moment obtained from our fittings of magnetic phase of the FeB-type one.
neutron-diffraction patterns in powdered samples is repre-
sented in Fig. 4 together with the theoretical variation ob-percentage of each phase of 62 and 38%, respectively. When
tained using aB-, Brillouin function. The agreement be- the temperature is lowered the percentage of the FeB-type
tween both variations is quite good indicating that the RKKY structure increases progressively and reaches approximately
exchange interactions in this compound have an almost isdhe value of 75% below 120 K. The corresponding phase
tropic character. The results of the refinements are summapercentages extracted from the fittings of neutron patterns
rized in Table I. The inferior quality of th&.,4 factor ap-  along the thermal cycle are presented in Fig. 7. The final
proaching the Nel temperature reflects the smaller values ofcrystallographic parameters appear in Table Il. The relatively
the magnetic signal. poor refinements in the FeB and CsCl phases in the bulk
sample together with the slight differences observed in the
. lattice parameters of the CsCl-type phase between powdered
B. Bulk GdCu samples: Orthorhombic FeB-type structure and buFI)k samples result from th)e/pdiffFi)culty in describiI?]g both

The neutron-diffraction patterns of bulk GdCu samples,

collected from room temperature dowm% K in thecooling Bulk GdCu (heating) |-
and heating process detailed above, are depicted in Figs. ! L0 x10° T=20K || T=120K |
and 6. At 300 K the pattern is quite well described consid- ' WA W
ering only the CsCl-type structure but at 220 K the results 0 ; 1 , N
Sugd b el gk ! Vbl g by dmad e by
. . . . g i i1 g gy , i mn ey
are only consistent when the FeB-type one is also included in. Ly, st - A ]
the refinements. The results at this temperature lead to ez ¥ :
£ LOX1 03’ T=40K | T=180K |
TABLE |. Final parameters obtained from the neutron- < 19X T ) ]
diffraction profile refinements in a powdered GdCu sam(@eCl 2 0 | T
b2 [ IR A Sl b clieds e wieb
phase_ é ". S !‘ITHA‘V i g nnuhmﬁﬁm‘mmi['lt{h . YL 0 s s el bl
T (K) a(A) Rs (%) M (ue) Rmag (%) B - I |
L O N s
180 3.4912) 8.1 o | ‘ had -1
140 3.4883) 7.9 2.8+0.1 34.5 :LL IJl:' | “::JI\ i g nllMl{‘lﬂliELﬂ ;‘:‘ H;A(FJL\H I“iil\hl}\l!\m\l wlln‘llilmf
130 3.485%1) 7.0 3.5:0.1 14.5 R S TS 30 35 30
0 5 10 15 20 25 10 1
o ew o asmen o
40 3.48@1) 7.5 6.97+0.05 8.5 FIG. 6. Neutron-diffraction patterns of bulk GdCu sample at 20,
5 3.4811) 7.0 7.24+0.06 9.1 40, 80, 120, 180, and 300 K in the heating process. The marks

follow the same criteria as in Fig. 5.
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FIG. 7. Temperature dependence of the percentage of the CsCl- FIG. 8. Temperature dependence of the GdCu unit cell for the
type and the FeB-types structures in bulk GdCu samples. Lines ai@sCl-type and the FeB-type phases. Lines are visual guides.

isual guides. . -
visual guides structure of the FeB-type phase, it is worth noticing that the

magnetic peak observed aroundf=22° [see Fig. 5
phases accurately due to the problems of the peak shape aqbpa:S K) and Fig. 6 T=20K)] can be indexed with a
the strong effect of coarse grains, inherent to the nature o . FeB 11y .

our sample. At this point it is worth mentioning that the propagation vectoQ="=(0,3,3) in the orthorhombic cell.

quality of the refinements are clearly improved after the therPU€ t0 the poor resolution at=0.5 A in D4, which pre-
mal cycle described in Sec. Il Gee Table Il and Figs. 5 and VENtS @ straightforward separation of the magnetic pesges
6) Figs. 5 and § it is quite difficult to ascertain the actual

The temperature dependence of the GdCu unit cell of bott%nagnetIC structure model of the FeB-type phase. Many dif-

i f struct is sh in Fia. 8. At i ¢ erent attempts with magnetic arrangemelitine-wave-
YPES OF SITUCtUres 1S shown in Fig. ©. At room temperature ,,,q15teq, antiphase, etavere unsuccessfully undertaken
the FeB-type structure has a volume larger than that of th

L e Bonsidering the(0,},2) periodicity. However, regarding the
CsCl-type one, but quite similar at low temperatures. Thehelimagnetic structure of the GANCy, s compound, which

absence of any crossover of the cell voluniese Fig. 8 s close to GdCu in composition and with the same FeB
seems to indicate that the volume contraction is not the drivstrycture, we have tried a helimagnetic structure with a

ing parameter for the martensitic transformation. Howeverpropagation vectorf0,1,3) for the GdCu(FeB) phase. This
in order to ascertain this circumstance more precise datgtructure is that which offers the closest agreement with the
about the coordination environments, details of bond disexperimental pattern out of all the considered possibilities.
tances, etc. are needed in the vicinityTgfr =250 K. The magnetic intensities are consistent with a magnetic mo-
As can be seen in Figs. 5 and 6 the analysis of the patternmaent of 7.Quz at 5 K for the Gd" in the FeB-type GdCu
below 150 K have been carried out taking into consideratiorphase, with the magnetic moments lying in the plane perpen-
the magnetic structure of the CsCl phasew,0) with the  dicular to the[011] direction. The temperature dependence
fixed characteristics obtained for the powdered samplef this magnetic moment is also shown in Fig. 4, and in spite
(Table ), and below 50 K the magnetic structure of the FeBof the larger error bar, it agrees also with g, Brillouin
phase must be also considered. Concerning the magnetiaw.

TABLE II. Final crystallographic parameters obtained from the neutron-diffraction profile refinements in
bulk GdCu sample. The atomic positions of the FeB-type GdCu structure were found to be Gd,
=0.1853), z=0.15(3); Cu,x=0.0214), z=0.6254).

GdCu (CsCl-type

GdCu (FeB-type

T(K) a(A) Percent(%) Ry (%) a(A) b (A) c(A) Percent(%) Rg (%)
300 3.4922) 100(5) 18.0
220 3.4962) 62(5) 18.4 7.133) 4.52716) 5.462) 38(5) 22.4
180 3.4963) 42(6) 21.2 7.142) 4.5199) 5.471) 58(6) 19.5
160 3.4983) 35(7) 21.8 7.1%2) 4.5119) 5.441) 65(7) 22.8
120 3.4813) 25(8) 19.3 7.121) 4.5028) 5.451) 75(8) 19.1
5  3.4802) 20(9) 142  7.0%1) 4.4087) 5.449) 80(9) 15.7
20 3.4896) 25(9) 21.0 7.08l) 4.4317) 5.4418) 75(9) 17.0
40 3.4813) 20(8) 23.6 7.021) 4.4747) 5.4418) 80(8) 20.0
80 3.4713) 27(7) 25.0 7.091) 4.4759) 5.43010) 73(7) 24.3
120 3.4812) 25(5) 22.1 7.091) 4.5088) 5.4669) 75(5) 22.0
180 3.4963) 26(5) 16.1 7.1%1) 4.52718) 5.4718) 74(5) 17.8
300 3.49%3) 25(5) 11.8 7.131) 4.5228) 5.4988) 75(5) 14.9
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10 , ‘ . , The second important point is related to the magnetic
0k . ’/+_},__-—+ | structure of the CsCl-type GdCu phase. As well as for the
- l\f\g A otherRCu compounds, GdCu orders with(a,r,0)-type ar-
S -10 ? 2>-¢ 1 rangement, although the actual direction of the magnetic mo-
;_20_ | ments is not definitively well established for GdCu. How-
= GdCu ever, this case is quite interesting in order to clarify the role
<301 Bk 1 of the CEF and the exchange interactions for determining the
40| N gj:;:i | direction of the magnetic moments in tRR&Cu compounds.
| | ‘ | | | The fact that almost all of these compounds have, at least at
0 50 100 150 200 250 300 low temperaturesQ®s®'=(3,1,0) as propagation vector, in-
Temperature (K) dicates continuity and a link through the full series. This

feature could be understood within the framework of a
simple RKKY model considering the conduction electrons as
free electrong’ Under these assumptions the Fourier trans-
form of the bilinear exchange interactiod(q), could be

IV. ANALYSIS AND DISCUSSION easily calculated for different spin arrangements as a func-

The combined structural and magnetic characterizatiofion Of the Fermi wave vectdee (see Fig. 2 of Ref. 27 For
carried out gives a clearer description of the phase stabilitf1® case of GdCikg could be estimated to be 0.6942a)
of this system, especially in the bulk sample where botfand for this value the antiferromagnetic structuré afmr,0)-
structural (CsCl and FeB and magnetid(m,7,0) and heli- type is the most stable one. This indicates that Jie)
magnetic (0,1,3)] phases coexist at low temperaturege Variation has a marked maximum arou@¥s®' through all
Figs. 4, 7, and B This analysis has been possible due to athe RCu series, and the existence of these structures for the
careful characterization of the magnetic structure of the CsCESCI phases is mainly due to the isotropic exchange interac-
phase(powdered sampjewhich permits microscopic infor- tions in lieu of CEF effects.
mation about the magnetism of the FeB phase of GdCu to be The third important aspect to be mentioned concerns the
obtained. The soundness of this microscopic analysis can HeeB-type GdCu phase and the related GANCu, com-
remarked through the comparison with previous macroscopipounds. The main magnetic properties of these orthorhombic
results. In this way the detailed neutron défable Il and  GdNi;_,Cu, are presented in Table Ill. When the Cu con-
Figs. 7 and Ballow us to estimate the variation of the aver- centration increases a transition from ferromagnetism (
age thermal expansiaifFig. 9 which reproduces with excel- =0.3) to antiferromagnetisnx& 0.6 and 1.0is developed.
lent agreement the macroscopical thermal-expansion medn addition, the magnetic momeM is along theb axis in
surements reported in Ref. 10, showing that the changes itine ferromagnetic compounds and changes towards a direc-
volume are associated with the martensitic structural trangion lying in a plane perpendicular ®11] for x=1. To
formation CsCl=FeB in bulk samples. Furthermore, severalexplain this modification some kind of anisotropic interac-
relevant points regarding the martensitic transformation itselfions must be considered. As &dhasL=0, the CEF is
and the evolution of the magnetic structure in GANCu,  expected to be almost negligible in first order. The anisot-
compounds can be underlined from this study. The first comropy could originate from the low symmetry of the crystal-
ment of the discussion concerns the structural transition. line structure and its effect on the conduction band, which is
has been well established that such a transition takes placesponsible for the propagation of the magnetic interactions.
by means of a martensitic transformation, which is not redn particular, the variation of the ordering'§ ) or para-
lated to the onset of the magnetic or8P:*>**0Our neutron-  magnetic Curie ¢,) temperature$ confirms the importance
diffraction experiments, especially the temperature depenef this anisotropy. It is clear that as the interaction is not
dence of the lattice parameters in the powdered samplegsotropic, the simple model of Ref. 27 is no longer valid.
without any anomaly(see Table )l suggests that the transi- Then the present results strongly support a profound revision
tion CsCl—FeB is completely suppressed in the whole pow-of this model in order to take into account the actual shape of
dered sample, and not only on the surface. In fact, previouthe Fermi surface to explain how the magnetic interactions
x-ray analysi& only probes the sample surface. On the otherare propagated from one site to another through the conduc-
hand, in bulk samples, when the martensitic transformatioion band when the Ni ions are substituted by the Cu ones.
takes place, we found a coexistence of both phases. At 5 K In conclusion, this study points out the differences in the
the CsCI phase is still present arount20%, maintaining magnetic properties of the cubic and orthorhombic GdCu
this percentage throughout the heating back up to roomphases. A joint analysis of neutron-diffraction experiments
temperature process. on powdered and bulk samples has allowed us to investigate

FIG. 9. Average thermal expansiakL/L of the bulk GdCu
extracted from the data of crystallographic refinemdittble ).
Lines are visual guides.

TABLE lll. Magnetic properties of FeB-type GdNi,Cu, compounds.

X Type of ordering  Tcn (K) 6, (K) Propag. vector Direction of magnetic moments
0.3 F 68 75 0,0,0 MI[010]
0.6 AF 63 69 (0,0, 1/9 M_L[001]

1.0 AF 48 —40 0, 1/4, 1/13 ML[01]1]
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the magnetic structure of both systems. While a simplecompounds. Further theoretical studies on this problem could
RKKY model based on a spherical Fermi surface can be usecbnsider this system as a model one.

to understand the stability of thém,,0)-type magnetic

phase in the cubic GdCu, we found that this model cannot

adequately describe the change of magnetic behavior in the

orthorhombic GdNi_,Cu, compounds. This feature sug-

gests that the topology of the Fermi surface in this ortho-
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