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The crystallographic and magnetic properties of the Y3Ni13−xCoxB2 series of compounds, with the
Nd3Ni13B2-type structure andxø5, were investigated by powder x-ray diffraction and magnetic measure-
ments. The susceptibility and magnetization data show that Y3Ni13B2 is a weak itinerant antiferromagnet with
a Néel temperatureTN=68 K. A weak ferromagnetic component appears atTN, suggesting uncompensated
antiferromagnetic structure. The compounds withx=0.5 and 1, also order antiferromagnetically, withTN=94
and 106 K, respectively. The intrinsic weak ferromagnetic component increases with the cobalt content and a
field-induced transition, from the antiferromagnetic state to a ferromagnetic state, is observed at the critical
transition fields 5.6 and 1.6 T, at 5 K forx=0.5 and 1, respectively. A heterogeneous ferromagnetic state and
in-plane magnetic anisotropy are determined for the compounds in the 2øxø5 composition range. The Curie
temperature and spontaneous magnetization increase linearly with the cobalt content. Based on the experimen-
tal data, theT-x phase diagram is constructed forxø5. The effect of spin fluctuations is highlighted in the
nickel-rich compounds in the 3:13:2 and related systems.
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I. INTRODUCTION

The compounds pertaining to the series formally denoted
by Rm+nT5m+3n+B2n swith space group symmetryP6/mmmd
andT=Co or Ni, crystallize in layered structures which con-
sist of systematically stackedm CaCu5-type layers andn
CeCo3B2-type layers.1 Whereas the cobalt-based compounds
have received a particular interest due to the excellent hard
magnetic properties of theRCo5 sm=1 andn=0d and related
R2Co17 phases,2–4 the Ni-based compounds have mainly
been studied for exhibiting various manifestations of weak
itinerant ferromagnetism, crystal electrostatic field effects,
and spin fluctuations.5 Thus, a giant magnetocrystalline an-
isotropy and a strong crystal field effect on the magnetic
interactions have been determined inRNi5 compounds6,7 and
even an enhancement of these in theRNi4B seriessm=1 and
n=1d is supported by the magnetic data.8 YNi4B has thor-
oughly been studied to a large extent because of its presumed
superconducting behavior, which subsequently has been at-
tributed to the occurrence of the YNi2B2C phase.9,10 The
development of large intrinsic coercivity at low temperature
in RsNi,Cod5 in the intermediary composition range has been
explained by the coexistence of high- and low-Co magnetic
moments in the metallic compounds;11–13 moreover, the ob-
servation of metamagnetic transitions inRsCo,Nid5 where
R=Th14 or Ce15,16 as well as theoretical results and high
magnetic field data for the YsCo,Nid5 compounds17,18 have
been associated with the presence of both high and low Co
moment states in these systems.

Proceeding further by increasingm in the Rm+nT5m+3nB2n
series, one obtains theR3T13B2 stoichiometrysfor m=2 and
n=1d; the Nd3Ni13B2-type crystal structure was analyzed in
the early 1980s.19–21 The unit cell, drawn in Fig. 1, consists

of two 1:5 slabs stacked between 1:3:2 slabs. There are three
types of layers:sid T-only containing layers,Ts3gd andTs6id,
sii d Rs2ed−Ts4hd layers, andsiii d Rs1ad−Bs2cd layers. The
first order coordination at the crystallographically inequiva-
lent lattice sites is given in Table I. A literature search on the
magnetic properties ofR3Ni13B2 yielded that Y3Ni13B2 is
reported to order magnetically below a Curie temperature
TC=65 K, inferred from the temperature dependence of ac
susceptibility data in the Y1+dNi4−xB1+x series.9 This behav-
ior would not be singular: on the Y-Ni-B phase diagram21

the magnetically ordered Y3Ni13B2 lies between YNi5 and
YNi4B, both showing paramagnetic behavior,22 similarly to
the case of the weak ferromagneticsWFd Y2Ni7 and YNi3,
which are situated between the paramagnetic YNi5 and
YNi2.

7 In order to account for the resurgence of magnetism

FIG. 1. The Nd3Ni13B2-type unit cellsS.G.P6/mmmd.
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in Y3Ni13B2 it was proposed that, on the grounds of similar
crystallographic environments of Ni atoms in Y3Ni13B2,
YNi5, and YNi4B, the Fermi level is situated for both YNi5
and YNi4B in minima of the density of states, but in a maxi-
mum for Y3Ni13B2, where the Stoner criterion is fulfilled and
magnetic order occurs.9 To our knowledge, there is no other
account on the magnetic properties of Y3Ni13B2 compound,
hitherto.

Recently, under the prospect of synthesizing Co-rich
R3T13B2 alloys with the Nd3Ni13B2 structure and potential
permanent magnetic applications, the preparation of the
Nd3Co13B2 compound with the Nd3Ni13B2 structure has been
reported.23,24 A Curie temperature of 710 K, a saturation
magnetization of 20.8mB/ f .u. at 4.2 K, and ananisotropy
field HA=180 kOe at 5 K, with the easy magnetization direc-
tion sEMDd confined within the basal plane below a spin
reorientation temperature atTSR=370 K were determined for
this compound. Studies of phase equilibria inR-Co-B sys-
tems whereR=Pr,25 Gd,26 and Sm27 revealed the crystalliza-
tion of theR3Co13B2 compounds with the Nd3Ni13B2 struc-
ture; however, it was found that the preparation of single
phaseR3Co13B2 is rather difficult because of the concomitant
formation of theRCo4B andRCo5 secondary phases.

Therefore, the interest in the description of itinerant elec-
tron magnetism of thesCo,Nid sublattice in new members of
the Rm+nT5m+3nB2n series, the lack of detailed data on the
magnetic properties ofR3Ni13B2, as well as a continuous
search for new phases with potential for technical applica-
tions have motivated the present research work. Herein, we
report on the synthesis, crystal structure and magnetic prop-
erties of the Y3Ni13−xCoxB2 compounds. The complex mag-
netic state of the 3d electron system for low Co contentsx
ø1.0d and its evolution to ferromagnetism whenx increases
are investigated. A magnetic phase diagram inT-x coordi-
nates is proposed forxø5.0 and the magnetic behavior of
the 3d sublattice in Y3sNi,Cod13B2 and related systems is
discussed.

II. EXPERIMENTAL

Batches of alloys with the nominal compositions
Y3Ni13−xCoxB2, wherex=0,0.5,1,2,3,4,5,6,8,10, and 13,
were prepared by induction melting, under Ar atmosphere.
Pure elementss3N yttrium, nickel and cobalt and 2N7 poly-
crystalline borond in stoichiometric amounts, but with a
1.5 wt.% yttrium excess, were used as starting materials.

The buttons were sealed in silica tubes under Ar gas and
annealed at temperatures between 950–1323 K for two to
six weeks, then quenched. The phase content and the crystal
structure were investigated by powder x-ray diffraction using
a rotating-anode Rigaku diffractometer, with Cu-Ka radia-
tion, at room temperaturesRTd. In order to reduce the tex-
ture, the samples were finely ground and mixed with CAB-
OSIL M-5 amorphous powder from Fluka. The structural
parameters were derived by Rietveld refinement of the pat-
terns using the FullProf.98 Version 0.2 software.28 X-ray dif-
fraction on random and field-oriented samples, with 2øx
ø5, was used to determine the EMD, in a temperature do-
main just below the Curie point. The intensity analysis was
carried out on pairs of lines withshkld: s103d and s004d,
s200d and s005d, and s203d and s006d. The powders were
aligned in a Sm-Co permanent magnet circuit, cooled down
to the liquid nitrogen temperature, where the samples are
ferromagneticsFd; then, the ensemble was left to warm up to
RT, the powders retaining the texture induced by the mag-
netic field belowTC.

Scanning electron microscopysSEMd and elemental mi-
croprobe analysissEDAXd were additionally used for the
identification of the secondary phases. Thermomagnetic
curves were measured between 300–1150 K by using a

FIG. 2. Experimental, calculated and difference x-ray diffraction
patterns of the Y3Ni13B2 sad and Y3Ni10Co3B2 sbd compounds. The
bars marking the reflections correspond to the phases 3:13:2stopd,
1:4:1 smiddled, and 1:5sbottomd.

TABLE I. First-order coordination at the inequivalent lattice
sites in the Nd3Ni13B2-type structure.

Atom Nis6id Nis3gd Nis4hd Rs1ad Rs2ed Bs2cd

Nis6id 5 2 2 2 2

Nis3gd 4 4 4

Nis4hd 3 3 3 3

Rs1ad 12 2 6

Rs2ed 6 6 6 1 1

Bs2cd 6 3
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Faraday-type balance, in order to probe the occurrence of
ferromagnetic impurities. As a result of the sample quality
investigations, discussed below, only the compounds withx
ø5 were selected for subsequent magnetic measurements.

The magnetization and susceptibility measurements were
performed using a superconducting quantum interference de-
vice sSQUIDd magnetometer model MPMS from Quantum
Design, in dc applied fieldH0 up to 5 T, in the temperature
range 1.8–300 K. The measurements were carried out on
powder samples for all compositions, and also on various
specimens of platelet-shaped crystals and stacked crystals
detached from the bulk, forxø1. In the latter case, the plane
of the platelets was assessed by Laue diffraction to be paral-
lel to the crystallographics001d plane, which allowed us to
orient the samples with thec axis parallel as well as perpen-

dicular to the direction of the applied fieldH0. The magne-
tization of the compounds withx=0 and 0.5 was also mea-
sured in a vibrating sample magnetometer in field up to 10 T,
at 2 and 5 K. The analysis of theMsHd curves and the cor-
rection brought to the spontaneous magnetization valuesMS
due to the occurrence of ferromagnetic impurities, will be
discussed for each compound separately. The temperature
dependence of the remanent magnetization was measured on
stacked crystals, forx=0 and 0.5, after the application of a
magnetizing field of 5 T at 5 K. Hysteresis loops were also

TABLE II. Phase contentswt.%d of various phases in the
Y3Ni13−xCoxB2 samples withxø5.

x, Co 3:13:2 1:4:1 1:5

0 89.4s1.4d 8.5s2d 1.7s1d
0.5 88.6s1.8d 7.1s2d 2.9s1d
1 88.4s2.0d 8.4s3d 1.9s2d
2 90.5s1.4d 8.1s2d 0.6s1d
3 95.3s1.2d 3.8s2d
4 93.6s1.1d 5.2s1d 0.4s1d
5 85.0s1.4d 11.2s3d 2.8s2d

TABLE III. Lattice constantsa andc, their ratio, special fractional atomic positionsz, unit cell volumeVUC, overall isotropic temperature
factor Bov, BraggR factor RB, and interatomic distancesd.

Parameter Y3Ni13B2 Y3Ni12.5Co0.5B2 Y3Ni12CoB2 Y3Ni11Co2B2 Y3Ni10Co3B2 Y3Ni9Co4B2 Y3Ni8Co5B2

a sÅd 4.9579s1d 4.9566s2d 4.9585s2d 4.9584s3d 4.9597s2d 4.9649s2d 4.9661s2d
c sÅd 10.9141s3d 10.9072s3d 10.9059s3d 10.9013s6d 10.8930s3d 10.8933s3d 10.8867s3d
c/a 2.201 2.201 2.199 2.199 2.196 2.194 2.192

z,6i 0.1338s1d 0.1348s2d 0.1347s2d 0.1345s2d 0.1346s2d 0.1355s2d 0.1365s3d
z,4h 0.3186s2d 0.3174s4d 0.3180s4d 0.3176s3d 0.3188s3d 0.3187s4d 0.3182s5d
z,2e 0.3278s2d 0.3292s3d 0.3282s4d 0.3274s3d 0.3260s3d 0.3250s4d 0.3265s4d
VUC sÅ3d 232.3 232.1 232.2 232.1 232.1 232.5 232.5

Bov sÅ2d 0.33s8d 0.36s7d 0.35s9d 0.41s8d 0.42s7d 0.49s6d 0.31s6d
RB 5.56 8.15 9.08 7.69 6.77 5.77 9.27

d6i-6isÅd 2.48 2.48 2.48 2.48 2.48 2.48 2.48

2.94 2.94 2.94 2.93 2.93 2.95 2.97

d6i-4h sÅd 2.47 2.45 2.46 2.46 2.46 2.46 2.44

d6i-2e sÅd 3.25 3.26 3.26 3.25 3.24 3.23 3.23

d6i-2c sÅd 2.05 2.05 2.05 2.05 2.05 2.06 2.06

d6i-1a sÅd 2.88 2.88 2.88 2.88 2.88 2.89 2.89

d4h-4h sÅd 2.86 2.86 2.86 2.86 2.86 2.87 2.87

d4h-3g sÅd 2.43 2.45 2.45 2.45 2.44 2.44 2.44

d4h-2e sÅd 2.86 2.86 2.87 2.86 2.86 2.87 2.87

d3g-3g sÅd 2.48 2.48 2.48 2.48 2.48 2.48 2.48

d3g-2e sÅd 3.11 3.10 3.11 3.11 3.12 3.13 3.12

d2c-1a sÅd 2.86 2.86 2.86 2.86 2.86 2.87 2.87

FIG. 3. Secondary electrons SEM image showing the micro-
structure of the Y3Ni13B2 sample.
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measured at 5 K for the samples with 2øxø5, on coarse
powders embedded in highly viscous silicon grease, thus pre-
venting the rotation of the grains in a high magnetic field.
The temperature dependence of the ac susceptibilityxac was
measured with an ac excitation field of 3.5 Oe and 90 Hz.

III. RESULTS

A. Phase formation and crystal structure parameters

The 3:13:2 phase with the Nd3Ni13B2 structure was iden-
tified in the x-ray diffraction patterns of the samples an-
nealed between 973–1050 K, for all the composition range;
however, it was found in a fraction of at least 85 wt.% only
in the samples with a cobalt contentxø5. The Y3Co13B2
compound, for which we have determined the lattice con-
stantsa=5.006s0d Å andc=10.851s1dÅ, appeared in a frac-
tion of about 50 wt.% in the batch withx=13. Some repre-
sentative, experimental and calculated, diffraction patterns
are plotted in Figs. 2sad and 2sbd. The patterns of the samples
with amorphous powder addition still reveal as00kd texture,
as proven by the comparison with the calculated model for a
randomly oriented powder. From the analysis of the x-ray
diffraction and thermomagnetic data, the samples investi-
gated in the present study were selected such as to contain
minimum amounts of the YsNi,Cod4B and YsNi,Cod5, and
also no traces of Y2sNi,Cod17, or YNi2B2C, or nickel
borides. The phase contents of the samples, as given by the
refinements, are listed in Table II. Small amounts
s,1 wt.%d of yttrium oxide, revealed by its 100%s222d
reflection at 2u<29.1° were also detectedsbut not included
in the plots in Fig. 2d. Because of the presence of the sec-
ondary phases one should expect small deviations from the
nominal stoichiometries of the compounds. A secondary
electron SEM image, representative for the microstructure of
a Y3Ni13B2 sample in this study, is shown in Fig. 3; the
microstructure consists of conglomerates of rather large,
platelet-shaped crystallites. No phase contrast, expected to be
reduced due to the close Y to Ni atom ratioss0.23, 0.25, and
0.20 for the 3:13:2, 1:4:1, and 1:5 phases, respectivelyd,
could be evidenced in the backscattered electron images of
the compounds, to allow the identification of the secondary
phases. Actually, the crystallites show smooth and clean sur-
faces. We suggest that the 1:4:1 and 1:5 secondary phases, in
the limit of the small fractions observed by x-ray diffraction
of the superstructured Nd3Ni13B2-type cell, mainly represent
3:13:2 defect cells at the grain boundaries.

The structural parameters are listed in Table III. The lat-
tice constants of Y3Ni13B2, in the present work, are some-
what largersby 0.2%d than the valuesa=4.942s3dÅ and c
=10.886s11d Å reported in Refs. 19–21. The YNi5 slab in
the Y3Ni13B2 cell sFig. 1d has the lattice constantsa1:5

3:13:2

=4.95 Å andc1:5
3:13:2=3.98 Å, which are close to those of the

YNi5 slab in the YNi4B cell, i.e., a1:5
1:4:1=4.96 Å andc1:5

1:4:1

=3.97 Å; thea constant in Y3Ni13B2 is by 1.4% larger than
that of the pure YNi5 fa1:5=4.88 Å andc1:5=3.97 Å sRef.
29dg. The other building block YNi3B2, which does not form
as a separate phase, has the samec constant in the 3:13:2 and
1:4:1 phasesc1:3:2=2.94 Å.

We note that whenx increases from 0 to 5,c decreases by
0.2% whilea increases by 0.2%, accounting for a monotonic
decrease of thec/a ratio from 2.202 in Y3Ni13B2 to 2.192 in
Y3Ni8Co5B2 and to 2.168 in Y3Co13B2. Previously, in the
YsCo,Nid5 series, such a composition dependence of the lat-
tice constants was attributed to the Co 3g sites preferential
occupation;30 also, recentab initio calculations of the bind-
ing energies in YsCo,Td5 and YsNi,Td5 support the Co 3g
site and Ni 2c site preferential occupations.31 The 2c and 3g
sites in the CaCu5 structure are related to thes2c,4hd and
s3g,6id sites, respectively, in the Nd3Ni13B2 structure, and
the 2c sites in the latter are filled by B atoms;1 having in
view that the Co substitution for Ni leads to similar structural
effects in the YsCo,Nid5 and Y3sNi,Cod13B2 series, one can
presume, by analogy, that Co preferentially occupies the 6i
and 3g sites in the Y3sNi,Cod13B2 compounds, forxø5. The
values of the lattice constants in the Y3Ni13−xCoxB2 series
swith xø5d linearly extrapolate well to the corresponding
quantities determined for Y3Co13B2. The unit cell volume
shows the trend to increase and a lattice expansion of about
2.3% is determined for the series end Co compoundsx
=13d with respect to the Ni onesx=0d.

FIG. 4. The temperature dependence of the ac susceptibilitysad
and the magnetization isotherms with the applied field parallel to
thec axis of Y3Ni13B2 sbd. Inset insad: the temperature dependence
of the remanent magnetization. Inset insbd: the MsHd curve in a
field up to 10 T, at 2 K, forH0ic axis.

N. PLUGARU, J. RUBÍN, J. BARTOLOMÉ, AND V. POP PHYSICAL REVIEW B71, 024433s2005d

024433-4



B. Magnetic properties

1. Y3Ni13B2

The temperature dependence of the ac susceptibility and
the magnetization isotherms of a sample of stacked crystal-
lites of Y3Ni13B2 are shown in Figs. 4sad and 4sbd. On low-
ering the temperature, the susceptibility displays a sharp in-
crease at 68±2 K, indicating the occurrence of a transition
from the paramagnetic to the magnetically ordered state.
Since the value of the real part of the ac susceptibility at the
transition temperaturex8=3.19310−6 m3/kg is by two or-
ders of magnitude smaller than 1/sNDrd swhere ND is the
demagnetizing coefficient,ND=0.55 and 0.34, for the ap-
plied field parallel and perpendicular to thec axis, respec-
tively, and r is the x-ray densityr=7520 kg/m3d expected
for a ferromagnetic transition, the state below the transition
may be antiferromagneticsAFd, albeit with a weak ferromag-
netic component evidenced by the mentioned abrupt jump in
x8 and the concomitant one inx9. Below TN, x8 shows a
plateau until 20 K, where there is a rapid decrease, andx9
rises and decreases in a similar way tox8. These phenomena
are due to the dynamic character of the ac susceptibility. As
soon as the weak ferromagnetism sets on belowTN there
appear magnetic domains. The mobility of the domain walls
that separate them has a characteristic relaxation timet ;
whentvexp,1, wherevexp is the frequency of the ac field,
one observes the equilibrium or isothermalx8 characterized

by a high value that is maintained while the temperature is
reduced until the conditiontvexp=1 is approached, thenx8
decreases towards the lower, adiabatic value, as observed.

The magnetization curves, shown in Fig. 4sbd at several
temperatures for an applied field up to 5 T and in the inset in
Fig. 4sbd at 2 K for a field up to 10 T, are linear at all
temperatures except at low fieldssm0H0,0.4 Td, where a
small spontaneous magnetization is observed below,80 K.
The values of the magnetization and the superimposed sus-
ceptibility x0 at 5 K and field of 5 T applied parallel and
perpendicular to thec axis of a stacked crystal sample are
given in Table IV. The spontaneous magnetization in
Y3Ni13B2 is much smaller than the values reported for ferro-
magneticsFd Y-Ni compounds, whereas the superimposed
susceptibility is within the same range of valuesssee Table
Vd.

The temperature dependence of the differential suscepti-
bility at m0H0=0.6 T, plotted in Fig. 5, shows a cusp at about
75 K, which is characteristic of an antiferromagnetic transi-
tion and supports that Y3Ni13B2 orders antiferromagnetically.
The maximum value ofxdiffsTNd is three orders of magnitude
smaller than the reciprocal of the demagnetizing factor. The
Néel temperatureTN=68±2 K is that of the largest slope
below the cusp,36 which coincides with the sharp increase in
the ac susceptibility. On the other hand, the anomaly inx is

TABLE IV. The Néel temperatureTN, the temperature of the onset of the weak ferromagnetic component
TWF, the magnetizationM, and the superimposed susceptibilityx0 at 5 K and 5 T forx=0 and 1 and at 2 K
and 10 T forx=0.5, the paramagnetic temperatureup and the effective momentpeff in the Y3Ni13−xCoxB2

compounds.

x,Co TN TWF Mi x0,i M' x0,' up peff

s±2 Kd s±2 Kd smB/ f .u.d s10−6 m3/kgd smB/ f .u.d s10−6 m3/kgd s±2 Kd smB/3d at.d

0 68 68 0.25 0.26 0.29 0.30 76 0.71

0.5 94 86 1.08 0.07 0.96 0.13 76 1.16

1.0 106 92 1.56 0.38 1.22 0.78 79 1.67

TABLE V. The Curie temperatureTC, spontaneous magnetiza-
tion Ms, superimposed susceptibilityx0, and effective magnetic mo-
mentpeff, of ferromagnetic Y-Ni compounds.

Com-
pound TC Ms x0 Peff

Refer-
ence

sKd smB/Ni at.d s310−6 m3/kgd smB/Ni at.d

Y2Ni17 149 0.27s1.5 Kd 0.12 1.41 32

Y2Ni16 142 0.19s0 Kd 0.13 32

Y2Ni15 119 0.15s0 Kd 0.36 1.35 32

Y2Ni7 60 0.061s4.2 Kd 33

Y2Ni7 52 0.033s4.2 Kd 0.63 34

Y2Ni6.9 52 0.047s4.2 Kd 0.73 34

Y2Ni6.8 60 0.064s4.2 Kd 0.79 34

YNi2.9 32 0.047s4.2 Kd 0.69 34

YNi3 30 0.04s4.2 Kd 0.11 0.70 35

FIG. 5. The temperature dependence of the parallel and perpen-
dicular differential susceptibility of a stacked crystals sample of
Y3Ni13B2, atm0H0=0.6 T. Inset: the temperature dependence of the
reciprocal susceptibility.
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now quenched since the weak ferromagnetic component is
saturated atm0H0=0.6 T. BelowTN, the temperature depen-
dence ofxdiff for the two orientation of the applied field with
respect to thec axis is characteristic of an antiferromagnet
with the antiferromagnetic axis along or close to thec axis
direction.

The observed spontaneous magnetization includes that of
a magnetic impurity with Curie temperature at,150 K, ap-
pearing as a step inx8sTd; this could be assigned to Y2Ni17

which is ferromagnetic withTC=149 K. The spontaneous
magnetization arising at about 150 K has been extrapolated
to 5 K yielding.12% of the total experimental value, which
allows for the estimation of the impurity amount to
.0.1wt.%, well below the detection limit in the x-ray dif-
fraction patterns. Thus, the observed weak ferromagnetic
component is an intrinsic property of Y3Ni13B2. The mag-
netic transition temperature has also been determined on the
weak ferromagnetic component, from specific remanence
measurement between 5 and 200 Kfinset in Fig. 4sadg; it
shows up as a step at 68±2 K, above the Y2Ni17 impurity
contribution. This shows that the weak ferromagnetic com-
ponent develops at the same temperature at which the anti-
ferromagnetic order is established.

The temperature dependence of the reciprocal susceptibil-
ity x−1sTd of a powder sample aboveTN, is plotted in the
inset of Fig. 5. The fitting of the linear partsabove 120 Kd of
x−1sTd to the Curie-Weiss law yields a positive paramagnetic
temperatureup=76 K, consistent with the existence of ferro-
magnetic correlations in the paramagnetic region. An effec-
tive Ni magnetic momentpeff=0.71mB/Ni at. is deduced,
close to the values determined for the weak itinerant ferro-
magnets Y2Ni7 and YNI3 ssee Table Vd.

2. Y3Ni13−xCoxB2, x=0.5 and 1

The ac susceptibility of the Y3Ni12.5Co0.5B2 compound,
plotted in Fig. 6, shows two maxima inx8, namely, a broad
one centered at 100 K and a sharp one at 86 K, whereasx9
shows only one peak at 86 K. A small anomaly at 70 K
present both inx8 and x9 is regarded as due to extrinsic

effects since no corresponding anomaly is detected in the
remanence and disappears with a small applied fields0.1 Td.
The maxima appear above a background that progressively
increases with decreasing temperature below room tempera-
ture, to reach a constant value at,200 K. The temperature
dependence of the differential susceptibilityxdiff i, andxdiff'

at m0H0=0.6 T, derived from the magnetization isotherms
plotted in Fig. 7, are drawn in Fig. 8. The thermal variation
of the reciprocal susceptibility, plotted in the inset of Fig. 8,
can be fitted to the Curie-Weiss law, and one derives an
effective 3d magnetic momentmeff,3d=1.16mB/3d at., while
up=76 K, as in Y3Ni13B2. Similarly to the case ofx=0 com-
pound, an applied fieldm0H0=0.6 T is enough to saturate the
weak ferromagnetic component andxdiffsTd shows the anti-
ferromagnetic transition cusp at 100 K, a higher temperature
than in the Co-free compound. The Néel temperature of the
antiferromagnetic ordering isTN=94±2 K, while the second
transition at which the weak ferromagnetic component sets
on is at a critical temperatureTWF=86±2 K. The tempera-
ture dependence of the remanencessee inset in Fig. 6d also
shows a steeper increase at 86±2 K, which is the tempera-
ture of the lower temperature maximum inxsTd, indicating
the development of a ferromagnetic weak component, as in

FIG. 6. The temperature dependence of the ac susceptibility of
Y3Ni12.5Co0.5B2. Inset: the temperature dependence of the remanent
magnetization.

FIG. 7. The magnetization isotherms of the Y3Ni12.5Co0.5B2

compound in field up to 5 T and various temperaturesTø110 K,
with H0ic axis sad and H0'c axis sbd. Insets insad and sbd: the
correspondingMsHd curves in field up to 10 T at 2 K.
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Y3Ni13B2. The effect of the Co inclusion has been, therefore,
to decouple the antiferromagnetic and the weak-
ferromagnetic transitions.

Similarly to the base compound, an additional ferromag-
netic contribution is observed in both the magnetic isotherms
and the remanence, with aTC above room temperature. The
secondary phases, YsNi,Cod4B and YsNi,Cod5 dilutions, are
ferromagnetic above room temperature when more than two
Ni atoms are substituted by Co, but no such magnetic tran-
sitions were detected in the thermomagnetic measurements
in the range 300–1000 K. Therefore, the secondary phases
detected by x-ray diffraction should be the corresponding
Ni-rich dilutions, which are paramagnetic. It may be conjec-
tured that the parasitic ferromagnetism withTC above room
temperature is due to ferromagnetic Co clusters in the
sample. Their presence may be associated with composition
heterogeneities due to local fluctuations in cobalt concentra-
tion. The relevant magnetic data relative to Y3Ni12.5Co0.5B2
are given in Table IV.

Below 100 K, the magnetization curves show that a field-
induced process takes placefsee Figs. 7sad and 7sbdg. The
transition is better observed in theMsHd curve with the ap-
plied field parallel to thec axis than in the case of the per-
pendicular applied field. Measurements up to 10 T at 2 and
5 K show the transition atm0Ht=5.6 T, taken at the inflexion
point, for H0 both parallel and perpendicular to thec axis.
HtsTd derived from theMsHd curves withH0ic axis, plotted
in Fig. 9, decreases when temperature increases. The transi-
tion is accompanied by a field hysteresis, which can be ob-
served up to 40 K.

The temperature dependence of the ac susceptibility of
Y3Ni12CoB2, plotted in Fig. 10, shows two peaks inx8sTd at
92 and 110 K, but only the lower temperature one has a
corresponding peak inx9sTd. As for the x=0.5 compound,
this behavior is consistent with a transition from paramag-
netism to antiferromagnetic order near,110 K, with the
lower temperature peak corresponding to the onset of the
weak ferromagnetic component atTWF=92±2 K. In fact,

heat capacity measurements showed a peak at 106 K due to
the antiferromagnetic long range ordering, while no anoma-
lous feature could be observed at 92 K;37 thus, we takeTN
=106±2 K. The antiferromagnetic transition is also revealed
by a cusp in theMsTd curves form0H0,2 T, i.e., below the
applied field range of values which induce the transition to
ferromagnetic behavior, corresponding to the jump observed
in the magnetization isotherms forT,110 K sFig. 11d. On
the other hand the WF component is quenched by a moderate
applied field. Thus, the same type of temperature-induced
magnetic transitions when lowering the temperature, first
from paramagnetism to antiferromagnetic order atTN, and a
subsequent one, which presents a weak ferromagnetic com-
ponent, are observed, as in the Y3Ni12.5Co0.5B2 compound at
zero field. The further increase in the Co content from 0.5 to
1.0 atom per formula unit has the effect of shifting the tran-
sition temperature by a few degrees.

The magnetization does not reach saturation in fields up
to 5 T, see Fig. 11. Since in the paramagnetic temperature
range, theMsHd curves show a spontaneous magnetization

FIG. 8. The temperature dependence of the parallel and perpen-
dicular differential susceptibility of a stacked crystals sample of
Y3Ni12.5Co0.5B2. Inset: the temperature dependence of the recipro-
cal susceptibility.

FIG. 9. The temperature dependence of the transition fieldHt1

for Y3Ni12.5Co0.5B2 and Y3Ni12CoB2.

FIG. 10. The temperature dependence of the ac susceptibility of
Y3Ni12CoB2. Inset: the temperature dependence of the reciprocal
susceptibility.
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of 0.83 A m2/kg at 300 K, which marks the presence of a
ferromagnetic impurity, the magnetization isotherms in Fig.
11 have been corrected by substracting the impurity contri-
bution approximated by its value at 300 K. The values of the
magnetization and superimposed susceptibility of a stacked
crystal sample of Y3Ni11CoB2 are given in Table IV.

The field-induced transition AF to F is accompanied by a
hysteresis, as observed below 110 KsFig. 11d, and takes
place at lower fields than in the case of Y3Ni12.5Co0.5B2. The
hysteresis area and the transition field decrease when tem-
perature increases, see the inset of Figs. 11sad and 9, respec-
tively. The hysteresis width at the transition is of 1.1 T at
5 K, decreases to 0.13 T at 60 K and disappears at 80 K.
The field derivative of the magnetization curves withH0'c
axis shows a second maximum at field values higher than
Ht1, see the inset in Fig. 11sbd. The critical field of this tran-
sition Ht2 increases with temperature, opposite to the tem-
perature dependence ofHt1, which suggests different under-
lying physical mechanisms.

3. Y3Ni13−xCoxB2, 2ÏxÏ5

These compounds are ferromagnetic, as evidenced by the
magnetization isotherms measured on powder samples at

5 K and plotted in Fig. 12. TheTC values, given in Table VI,
have been determined as the peak position on thex8sTd
curves, plotted in Fig. 13.

In the paramagnetic phase, theMsHd dependence is lin-
ear, except in the low-field regionsø0.5Td, where it deviates
from linearity and shows the presence of a parasitic sponta-
neous magnetization. The impurity phase has been estimated
to amount up to 2 A m2/kg at RT, by linear extrapolation of
the high field part of theMsHd curves to zero field. This
value was taken as an approximate contribution of the ferro-
magnetic impurities withTC higher than RT and subtracted
from the saturation magnetization derived by fitting the mag-
netization isotherms atm0H0.2.5 T to the equationMsHd
=MSs1−b/H2d+x0H; the correctedMS values and those of
the superimposed susceptibilityx0 at 5 K, are also listed in
Table VI. The saturation magnetization and the Curie tem-
perature of these compounds increase linearly with the Co
content within the uncertainty due to cobalt concentration
variations,37,38 which suggests that in this composition range
the contribution of the Ni sublattice to the ferromagnetic
moment might be negligible, and that the Co moment plays a
dominant role in the magnetic ordering transition.

From the analysis of the relative intensities of selected
pairs of peaks observed in the x-ray diffraction patterns of

FIG. 11. The magnetization isotherms of the Y3Ni12CoB2 com-
pound, withH0ic axis sad andH0'c axis sbd. Inset insad: the field
hysteresis at some temperatures. Inset insbd: The field dependence
of the differential susceptibility.

FIG. 12. The magnetization isotherms at 5 K of the
Y3Ni13−xCoxB2 compounds, with 2øxø5. Inset: the hysteresis
loops at 5 K for the compounds withx=2 and 4.

TABLE VI. The Curie temperatureTC, spontaneous magnetiza-
tion at 5 K MS, the mean Co momentmCo, the mean 3d atom
moment m3d, and the superimposed susceptibilityx0, of
Y3Ni13−xCoxB2 compounds with 2øxø5.

x, Co TC MS at 5 K mCo at 5 K m3d at 5 K x0 at 5 K

s±2 Kd smB/f .u.d smB/Co at.d smB/3d at.d s10−6 m3/kgd

2.0 146 1.72 0.86 0.13 0.47

3.0 170 2.39 0.80 0.18 0.59

4.0 201 2.75 0.69 0.21 0.76

5.0 241 3.63 0.73 0.28 0.57
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magnetic field-oriented powders, with respect to those of
random powders, we derive that the easy magnetization di-
rection lays in the basal plane, in Y3Ni13−xCoxB2, with 2
øxø5. The compounds also exhibit significant intrinsic co-
ercivity at 5 K, as proven by the hysteresis loops measured
on large grains fixed in grease, attaining values of, e.g.,
0.34 T forx=2 and 0.29 T forx=4, see the inset of Fig. 12.

IV. DISCUSSION

A. Weak itinerant magnetism in Y3Ni13−xCoxB2, with xÏ1

In the Y3Ni13−xCoxB2 series, the present susceptibility and
magnetization data indicate the onset of antiferromagnetic
ordering below a Néel temperature ofTN=68, 94, and 106 K
for x=0, 0.5, and 1, respectively. A weak ferromagnetic com-
ponent also develops atTN for x=0, and belowTN for x
=0.5 and 1, in evidence of a noncompensated 3d magnetic
structure. Since in crystal structures with inversion center, as
is the case of the Nd3Ni13B2 one, canted antiferromagnetism
is not allowed,39 the ferromagnetic component may arise as a
result of a complex antiferromagnetic-type ordering with
more than two sublattices. The coexistence of antiferromag-
netism and ferromagnetism in itinerant electron systems has
been predicted by Moriya and Usami.40,41 The sequence of
transitions we observe for thex=0.5 andx=1 compounds,
i.e., an AF phase belowTN and a WF phase belowTWF
,TN coexisting with the AF phase down to the lowest tem-
perature, may be related to their case II-2; although in that
case the AF phase is shown to disappear at a finite tempera-
ture, this can be as low as 0 K, as in the present case.

The cusp observed in the temperature dependence ofx8,
at TN, shows that the AF correlations establish as the 3d
electron system approaches the spin ordering temperature.
Indeed, the reciprocal susceptibility at high temperature for
x=0,0.5, and 1 has a positiveup, indicating ferromagnetic
correlations, while the cusp and subsequent decrease of the
susceptibility down to the long-range ordering transition at
TN, and shape of thexdiff curves, once that the weak ferro-
magnetic component is saturated, are unambiguously charac-

teristic of antiferromagnetic behavior. On the other hand, the
cusp does not appear in thes2øxø5d compounds, when the
substitution of Ni by Co enhances the ferromagnetic interac-
tions.

The application of a moderate applied field shifts the tran-
sition temperatureTN to lower temperatures forx=0.5 and 1,
as could be expected for antiferromagnets. In contrast, for
x=0 the shift is to slightly higher temperature which is an
unexpected result. The different behavior may be relateed to
the fact that forx=0 the WF component appears simulta-
neously with the AF ordering atTN, while for x=0.5 and 1
only the AF component arises atTN and thus the conven-
tional behavior takes place. A similar increase inTN with the
applied field was observed in the itinerant electron La2Ni7
swith Ce2Ni7-type structured, which was found to order anti-
ferromagnetically atTN=54 K.42,43,53

In Y3Ni13B2 the values of the differential susceptibility at
the Néel temperature, at 0.6 T, are different by,20% be-
tween the measurements with the applied field parallel and
perpendicular, respectively, to thec axis, which reveals the
anisotropy of the compoundsFig. 5d. At low substitution, the
Ni sublattice still holds its own basically antiferromagnetic
phase. The paramagnetic susceptibility forx=0.5 and 1 may
be analyzed as emerging from the contributions of the Ni
atoms, contributing to the effective magnetic momentpeff,Ni
=0.71mB, as deduced from thex=0 compound, and that of
Co atoms by a quantity to be deduced from the experimental
values forpeff given in Table IV. The result forx=0.5 and
x=1 is peff,Co=4.8 and 5.6mB/at., respectively. These values
are higher than<4mB/Co at. in ACo2 sA=Y,Lu,Sc, and
Hfd44 and close to 5.45mB found for YCo2.5Ni2.5.

45 In spin
fluctuation systems, values higher than the Co2+ effective
moment for quenched orbital moments3.87mBd, may be at-
tributed to an orbital contribution.

One can estimate the degree of itinerancy of the 3d mag-
netic moments in the Y3Ni13−xCoxB2 compounds from the
magnitude of the Rhodes-Wohlfarth parameterr =qc/qs sthe
ratio between the number of magnetic carriers in the para-
magnetic phaseqc and that at saturationqsd.46 In the case of
the base compound, using the valuemNi =0.034mB at 10 T
and 2 K, as a lower limit of the mean nickel moment, and the
value peff=0.71mB/Ni at. derived from the Curie constant,
one obtainsr &6.8. In the case of thex=0.5 compound, us-
ing the 3d moment value determined at 2 K and 10 T,m3d
=0.083mB and the value ofpeff=1.16mB/3d at., then it results
r &6.4. Finally, forx=1, where magnetic saturation is almost
reached at 5K and 5 T,m3d=0.12mB and the effective mo-
ment peff <1.7mB producesr <8. Although the first values
are overestimated and the last one may be affected by some
error due to the narrow temperature range considered
s160–300 Kd, they certainly point to a high degree of itiner-
ancy of the 3d magnetic moments in the Ni-rich
Y3Ni13−xCoxB2 compounds, following the criterion of Ref.
46. This is in agreement with ther values determined in
the structurally related Y3Ni11−xCoxB4 sRef. 47d and
YNi4−xCoxB sRef. 48d in the nickel-rich composition range;
in these series ther parameter takes values from 6.9 forx
=5 to 3.8 forx=11, and from 5.3 forx=1 to 2.0 forx=4,
respectively. Although the magnetic measurements yield
m3d<0.2mB for the mean 3d magnetic moment in

FIG. 13. The temperature dependence of the real part of the ac
susceptibility, forxø5.
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Y3Ni10Co3B2, neutron-diffraction experiments did not reveal
a magnetic contribution within the experimental resolution.
This points again to a highly delocalized character of the 3d
moments in Y3Ni13−xCoxB2.

B. The T-x phase diagram

The magnetic phase diagram of the Y3Ni13−xCoxB2 com-
poundsxø5 derived from the experimental data in zero ap-
plied field, is plotted in Fig. 14. Below the magnetic order
temperature, the region betweenx=0 and 1 corresponds to
an AF phase, with a WF component belowTWF, the latter
resulting from uncompensated 3d magnetic moments. Since
the 3d metal atoms are distributed on three crystallographi-
cally different lattice sites in the Nd3Ni13B2-type cell, one
may expect a complex AF structure. The magnetization iso-
therms of thex=0.5 and 1 compoundsssee Figs. 7 and 11d
show that, at a given temperature, a field-induced transition
from antiferromagnetic to ferromagnetic phase occurs at a
critical field Ht1. The values ofHt1 for the applied field par-
allel and perpendicular to thec axis are indiscernible. From
the composition dependence ofHt1, i.e., it increases with
decreasingx sHt1=1.6 T for x=1 and 5.6 T forx=0.5, at
5 Kd one may expect the transition to appear also in the base
compound; however, since we do not observe any transition
up to 10 T fsee the inset in Fig. 4sbdg we conjecture that it
should appear at a higher field. The magnetization ap-
proaches faster to saturation aboveHt1 asx increases; there-
fore, we conclude that the netF component is enforced by
the cobalt substitution for nickel.

In zero applied field, the change from the AF+WF phase
to the F phase takes place in a composition range between
x=1 and 2, marked by the dotted line on the phase diagram.
For s2øxø5d the transition is from a paramagnetic to a
ferromagnetic phase below the Curie temperature repre-
sented by the thick line in Fig. 14 and the compounds show
in-plane anisotropy, as could be deduced from the x-ray dif-
fraction experiments on oriented powders. On the grounds of
the structural relationship between the 1:5 and the 3:13:2

cells, the in-plane EMD in Y3Ni13−xCoxB2 for 2øxø5 cor-
relates well with both the proposed substitution scheme, i.e.,
Co is presumed to preferentially substitute Ni at the 3g and
6i sites forxø5, and the site contribution to anisotropy in
YCo5.

49 According to Ref. 49 cobalt at the 2c sites has a
large and positive contribution to the second order anisotropy
constantK1 and cobalt at the 3g sites has a small and nega-
tive contribution toK1. Thus, one may expect that cobalt at
the 3g and 6i sites in 3:13:2 contributes to in-plane aniso-
tropy, as experimentally observed.

The step in the magnetization curvefpeak inxdiffsHdg at
applied field values,4 T in Y3Ni12CoB2, see Fig. 11, may
be related to itinerant 3d electron metamagnetismsIEMd.
Indeed, the critical fieldHt2 increases with the temperature,
as expected for an itinerant metamagnet.16 The critical fields
of IEM systems range from tens of T to a few T,15,16,18,50and
it can take place as a transition from a paramagnetic to a
ferromagnetic phase,51 as well as from a low moment to high
moment ferromagnetic phase,52 as may be the present case.
IEM of Co sites in the Y3Ni12CoB2 compound would be
rather unusual for such a low Co concentration; on the other
hand, IEM transitions at the Ni sites in the present compound
are more likely to occur in view of the strong anisotropy in
the 3d moment, see Table IV. Also, IEM of Ni at low critical
field was observed in the hexagonal La2Ni7.

53 The tempera-
ture dependence of the critical field can be fitted to a
Ht2sTd=Ht2s0d+aT2 law, yielding Ht2s0d=3.90 T anda=6
310−5 T/K2. The present value ofa is about 20 times
smaller than that of a low critical field metamagnet
LusCo0.91Ga0.09d2,

54 which might be due to the different type
of metamagnetic transitionslow moment to high moment
ferromagnetsd with respect to that of LusCo0.91Ga0.09d2 spara-
magnet to ferromagnetd.

Previously, the large intrinsic coercivity observed in the
RsCo,Nid5 series for intermediate Co contents,55 has been
attributed to domain wall pinning at lattice sites where local
variations in the magnetic anisotropy energy occurs. It has
experimentally been proven that such variations in aniso-
tropy and exchange are promoted by the occurrence of high
and low Co moment sites, actually magnetic heterogeneities
which act as domain wall pinning centers in the crystallo-
graphically ordered lattice.11–13 In view of the close struc-
tural relationship between the 1:5 and 3:13:2 series, we sug-
gest that a similar mechanism, i.e., the development of a
magnetically heterogeneous system with high and low 3d
moment sites when Co replaces Ni in Y3Ni13−xCoxB2 should
be responsible for the observed increase in the temperature
domain of magnetic irreversibility and the intrinsic coerciv-
ity, for 2øxø5.

C. The magnetic behavior of the„Ni,Co… sublattice in
Y3Ni13−xCoxB2 and related compounds

This is a first report on the antiferromagnetic ordering of
Y3Ni13B2 and its evolution in the Y3Ni13−xCoxB2 series for
xø1. Due to the high degree of delocalization of the 3d
moments, a proper approach for the description of the AF
state should be based on itinerant electron theories of anti-
ferromagnetism. An estimation of the change in the magnetic

FIG. 14. TheT-x magnetic phase diagram of the Y3Ni13−xCoxB2

compounds,xø5, in zero applied field.
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state of the compounds in this composition range may be
obtained in the mean-field approximation by observing that
the perpendicular differential susceptibility takes the values
0.39310−6, 0.73310−6, and 1.69310−6 m3/kg at 5 K for
x=0,0.5, and 1, respectively. This increase inxdiff,' with the
Co content is consistent with a decrease in the AF molecular
field constant in the mean-field approximation.

The saturation magnetization of the compounds with 2
øxø5 linearly increases with the Curie temperature, in the
limit of the experimental errors, in agreement with a rigid
band model. Under the assumption that a 3d magnetic mo-
ment is present only at the Co sites and therefore, the Ni
magnetic moment may be neglected, one determines the
mean cobalt momentmCo given in Table VI. The so-obtained
cobalt moment is independent of the concentration, with
mCo=0.78±0.08mB/Co at., in the studied composition
range. A mean-field analysis of the Co-Co exchange interac-
tion can be carried out under the assumption that the rigid
band model is a valid approximation and assuming that Ni is
nonmagnetic in the above systems. Then, the Co-Co ex-
change parameterJCo-Co may be expressed asJCo-Co
=6TC/ sjzm3d

2 d sin Kd, where we have introduced the cobalt
concentrationj in order to account for the variation in the
number of Co-Co interactions with the different Co contents
andjz is the average number of Co atoms near neighbors to
a Co atom.56,57 In Y3Ni13−xCoxB2, with 2øxø5 we obtain
the valuesJCo-Co=980, 887, 1056, and 908 K, forx=2, 3, 4,
and 5, respectively. We apply the same procedure to the re-
lated YsNi,Cod5, YsNi,Cod4B, and Y3sNi,Cod11B4 series,
for which the Curie temperature and magnetization data are
reported in the literature. The Co concentration dependence
of JCo-Co is displayed in Fig. 15. The representation sheds a
light on the range ofj values, i.e., range of compositions, in
which the behavior of the sNi,Cod sublattice in
Rm+nT5m+3nB2n compounds either exhibits strong ferromag-
netism or is dominated by magnetic instabilities and spin
fluctuations.

In the case of the YNi5−xCox series, the exchange param-
eter takes values close to that in Co metalsa classic strong

ferromagnetd, JCo-Co=230 K, and is almost insensitive to
both Ni substitution and the change in the local environment
for a cobalt concentration decreasing to about 40–50%. In
this composition range thesNi,Cod sublattice preserves its
strong ferromagnetic character. For a Co concentration less
than 50%, theJCo-Co increases, which may be related to the
onset of magnetic instabilities and increasing effect of spin
fluctuation. By similarity, the data for the 3:13:2 series, situ-
ated close to those of the Ni-rich 1:5 compoundssrecall that
there are two 1:5 slabs in the 3:13:2 celld, suggest an un-
stable magnetic behavior dominated by spin fluctuations, for
2øxø5, consistent with the high Co paramagnetic moments
deduced in Sec. IV A of this discusion. In the case of the
YNi4−xCoxB and Y3Ni11−xCoxB4 series, the high, nonphysi-
cal values found forJCo-Coscd in the mean-field model sug-
gest that spin fluctuations have a significant contribution to
the magnetic behavior of thesNi,Cod sublattice, except in a
narrow composition range, in the Co-rich region.

Under the assumption of a unique 3d band and delocal-
ized magnetic moments, as supported by preliminary data of
neutron diffraction experiments, one derives from the experi-
mental MS values the mean 3d momentm3d also listed in
Table VI. Them3d values increase when cobalt substitutes for
Ni, which may be accounted for by a gradual depletion
mechanism of the 3d minority spin subband and an evolution
of the density of states at the Fermi level. Actually, on the
grounds of the metallurgically inhomogeneous nature of the
system, which determines an inhomogeneous magnetic es-
tate, one may assume that both described mechanisms may
be present.

V. CONCLUSIONS

The Y3Ni13−xCoxB2 series of compounds with
Nd3Ni13B2-type structure has been synthesized for a cobalt
content xø5. The magnetic properties emerge from the
sNi,Cod sublattice and the large values of the Rhodes-
Wohlfarth parameter, estimated for thex=0, 0.5, and 1, sup-
port a high degree of itinerancy of the 3d magnetic moments.
The susceptibility and magnetization data evidence for an
antiferromagnetic phase forxø1, in zero applied field.
Based on present results we suggest that the weak ferromag-
netic component observed belowTWF is an intrinsic property
of the magnetic structure of these compounds. The uncom-
pensated AF order is favored by the presence of three differ-
ent 3d lattice sites, which may have different magnetic con-
tributions. The intrinsic WF component increases with
increasing the cobalt content fromx=0 to x=1 and for x
ù2 the compounds are ferromagnetic. We mention that, to
our knowledge, the Ce2Ni7-type La2Ni7,

53 is the only other
antiferromagnetically-ordered metallic Ni compound known
so far, in which only Ni atoms bear a magnetic moment.42,46

The compounds with 0,xø1 undergo a field-induced tran-
sition to a state with an enforced net ferromagnetic compo-
nent, at a critical fieldHt1, which decreases when either the
Co content or temperature increase. This transition is ob-
served up to a temperature higher thanTN, but lower than
that of the AF peak. The occurrence of another field-induced
transition at a fieldHt2 larger thanHt1, as observed forx

FIG. 15. The exchange parameterJCoCoversus Co concentration
in the Y3sNi,Cod13B2, YsNi,Cod4B, Y3sNi,Cod11B4, and
YsNi,Cod5 series.
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=1, could be due to itinerant electron metamagnetic transi-
tions.

The remarkable evolution in the 3d sublattice magnetic
behavior forx increasing from 0 to 1 should be ascribed only
to the change in the 3d electron concentration in the system,
since the structural effect of cobalt substitution for nickel is
rather negligible, forxø1. The compounds in the composi-
tion range 2øxø5 are ferromagnetic and their Curie tem-
perature and spontaneous magnetization increase with the
cobalt content. An analysis of the Co-Co exchange parameter
as a function of the Co concentration shows that the behavior
in the presently studied 3:13:2 series is similar to that deter-
mined for the related Ni-rich 1:5, whereas the 1:4:1 and
3:11:4 series show nonphysical values ofJCo-Co. The devia-

tion from the strongsStonerd ferromagnetism is attributed to
the effect of spin fluctuations on the magnetic properties of
these compounds.
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