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We present here a detailed investigation of the pressure dependence of the structural and magnetic
properties in a wide temperature range from 5 to 340 K for the Y1−xThxCo4B series. The unit cell
lattice compressibility has been determined from powder neutron diffraction technique in the 0 to
0.5 GPa pressure range. Substitution of Th for Y is found to reduce significantly the compressibility.
The Curie temperature decreases dramatically upon the Th for Y substitution. Studies were
performed on polycrystalline samples under hydrostatic pressure up to 1.1 GPa and in magnetic field
up to 5 T. The evolution of the saturation magnetization under pressure is presented as well as the
pressure dependence of the Curie temperature. Remarkable pressure effects on the Curie
temperature and on the critical field at which the first order magnetization process occurs for
Y0.8Th0.2Co4B are analyzed and discussed. The pressure derivatives values of both the Curie
temperature and the magnetization are negative for all the studied compounds. This is an opposite
tendency than that expected from chemical pressure effects. This supports the dominant role of
valence electrons in the magnetic properties of the substituted Y1−xThxCo4B compound in the case
of the chemical pressure effect. The magnetization and the Curie temperature exhibit different
pressure dependence along the Y1−xThxCo4B series of compounds. © 2010 American Institute of

Physics. �doi:10.1063/1.3418445�

I. INTRODUCTION

Among the wide family of rare-earth �R� transition metal
�M� intermetallic, the Rn+1Co3n+5B2n compounds, where R
represents a lanthanide, form a physically interesting class of
materials because they crystallize in the same space group
and can be simply derived from the RCo5 structure type.1–8

The compounds are obtained by the ordered substitution of
boron for cobalt in RCo5 �n=0�. For n=1 �RCo4B�, a super-
structure of the RCo5 one is obtained leading to a doubling
of the unit cell.1–11 Compounds of this series are known to
exhibit interesting magnetic properties which have motivated
intensive research during the last years.6,11–21 Since their dis-
covery, the RCo4B compounds have attracted much interest
since they exhibit unusually large magnetocrystalline
anisotropy.16,22,23 Furthermore, the isotype RCo4B com-
pounds with nonmagnetic R elements such as La, Lu, and Y
exhibit unique magnetic properties governed by the Co sub-
lattice only. Due to a competition between two inequivalent
Co atomic positions, the spin reorientation transition and the
first order magnetization process �FOMP� have been found
in YCo4B compound. Such behavior has been studied in de-
tails by magnetic measurements,9,24–26 neutron diffraction
investigation,3,9 Mossbauer spectroscopy,27–29 NMR,30 or
band structure calculations.31 More recently ThCo4B isotype
compound has been discovered.32 Substituting nonmagnetic
Th for Y in YCo4B, volume of the elemental crystal unit cell

increases by 4% and magnetic properties are remarkably
changed, e.g., the Curie temperature TC is lowered by 20%
and saturation magnetization MS is reduced by more than
40%.32 In order to understand deeper the Co sublattice mag-
netic properties, we present here results of a study of both the
chemical and the hydrostatic pressure effects on magnetic
properties of the Y1−xThxCo4B compound series. The mag-
netic properties of YCo4B have been investigated in details
by Thang and co-workers24,33 as well as the pressure depen-
dence of these magnetic properties.22,25,26 Pressure studies
were performed on polycrystalline samples under hydrostatic
pressure. More recently, the complexity of the magnetic
phase diagram of YCo4B has motivated an extensive study
of the magnetocrystalline behavior of this compound.22 Due
to the recent discovery of the Th containing compounds,
fewer studies have been devoted to these compounds.34 Fol-
lowing these earlier works, we report here on the pressure
and temperature dependence of the magnetic properties of
the polycrystalline Y1−xThxCo4B compounds in order to
deeper investigate the unusual magnetic properties of these
compounds.

II. EXPERIMENTAL

A. Synthesis and magnetic measurements

Polycrystalline samples of Y1−xThxCo4B compounds
have been prepared by arc melting technique in a cold cop-
per crucible under an argon atmosphere, using elements of
purity better than 99.9% for Y and Co and 99.8% for B. For
better homogeneity, the samples were wrapped in a Ta foil
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and subsequently annealed at 1173 K for a week in an evacu-
ated quartz tube. The samples purity has been checked by
using the JEOL 840A scanning electron microscope
equipped with the KEVEX energy dispersive x-ray analysis
�EDX� microprobe. Structure of the samples has been
checked by X-ray diffraction.

B. Magnetic measurements under high pressure

The magnetization curves of Y1−xThxCo4B samples were
recorded at ambient pressure by the extraction method35 in a
magnetic field up to 10 T. The magnetization measurements
at high hydrostatic pressure up to about 1 GPa were per-
formed in a superconducting quantum interference device
magnetometer �Quantum Design Co.� in magnetic fields up
to 5 T in the temperature range from 5 K to 300 K using a
miniature pressure cell. The Curie temperature TC under dif-
ferent pressures was determined from temperature depen-
dence of dc susceptibility measured in a magnetic field 10
mT with a heating rate of 1 K per minute. The saturation
magnetization at different pressures was determined from the
isothermal magnetization curves.

The miniature piston-cylinder CuBe pressure cell was
filled with a mixture of mineral oils as a pressure transmit-
ting medium. The pressure was determined at low tempera-
tures using the known pressure dependence of the critical
temperature of the superconducting state of the Pb sensor
placed inside the cell.36 The actual pressure values for the
isothermal magnetization curves were determined taking into
account the temperature induced changes of the pressure in-
side the cell. For the temperature dependent measurements,
the given pressure value corresponds to the pressure value at
transition temperature.

C. Neutron diffraction experiments

The room temperature diffraction patterns have been
measured on the instrument D1B operated by the CNRS at
the ILL. On the D1B instrument, the diffraction patterns
have been recorded over an angular range of 80° �2�� using
a multidetector with a step of 0.2° between each of the 400
3He detection cells. D1B is a two-axis powder diffractometer
destined for diffraction experiments requesting a high neu-
tron flux. Three pyrolitic graphite monochromators focused
onto the sample position provide a flux of neutrons 6.5
�106 n cm−2 s−1 with wavelength �=2.52 Å. The take off
angle is 44.2° in 2�. In the Helium loaded high pressure cell
used here, the pressure can be continuously adjusted from 0
to 0.5 GPa while the cell with a sample is in the beam. The
cell is linked via a flexible high pressure capillary to a gas
pressure generator, or a high pressure piston pump. Helium
gas is used as the pressure transmitting medium for pressures
up to 0.5 GPa. Pressure is determined by standard oil ma-
nometer and by strain gauges fixed on the outer surface of
the pressure cell. The nuclear reflections were observed to-
gether with parasitic peaks stemming from the pressure cell.
Background contribution is also caused by the incoherent
scattering of the gas pressure cell which volume is much
larger than volume of the sample. The lattice parameters

have been determined by Lebail fitting of the observed dif-
fraction peaks of the patterns obtained after subtraction of
the cryostat and pressure cell contributions.

III. MAGNETIC MEASUREMENTS AT AMBIENT
PRESSURE

We will concentrate here on the analysis of some mag-
netic properties of the compounds forming the solid solution
between R=Y and Th. The next section will be devoted to
the evolution of the ordering temperatures versus composi-
tion and then an unusual magnetization process observed in
Y0.8Th0.2Co4B will be presented.

A. Ordering temperature

The ordering temperature has been investigated by ther-
momagnetic measurements at constant field. As can be seen
from Fig. 1, the Y1−xThxCo4B compounds are exhibiting fer-
romagnetic behavior with an ordering temperature slightly
above room temperature.

The ordering temperature is progressively decreasing
upon substitution of Th for Y. This decrease �see Fig. 1�

confirms the trend reported earlier for the two extreme
compounds.32 This is also in favor of a solid solution behav-
ior corresponding to the results of crystal structure
investigation.37 Furthermore, it is worth to recall that the
replacement of trivalent Y by tetravalent Th atoms has led to
a strong decrease in both, the Co magnetization as well as
the Curie temperature from 375 K to 302 K going from
YCo4B to ThCo4B, respectively. Values of the Curie tem-
perature TC of the Y1−xThxCo4B compounds are summarized
in Table I.

B. The first order like magnetization process

As it has been reported, YCo4B exhibits a peculiar be-
havior of its magnetic properties with a step like shape of the
magnetization isotherms recorded along the crystal c axis
�hard magnetization direction, HMD� at low temperature or
even along the a axis above the spin reorientation transition.
It is worth to mention that this step like magnetization curves
are only observed along the hard magnetic axis.22,33 This
behavior of the magnetization curves recorded along HMD
has been interpreted as the FOMP that can be characterized

FIG. 1. Evolution of the Curie temperature in the Y1−xThxCo4B compounds.
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by a critical field at which the magnetization increases rap-
idly with the increasing applied field. This FOMP like behav-
ior of YCo4B has been extensively studied elsewhere.22,24,33

The present investigation reveals that Y0.8Th0.2Co4B is the
only Th containing compound of the Y1−xThxCo4B series
exhibiting similar unusual behavior reminiscent to the behav-
ior of the YCo4B parent compound. This FOMP-like behav-
ior of Y0.8Th0.2Co4B is clearly seen in Figs. 2 and 3. Here we
take magnetic field where the maximum value of the field
derivative of the magnetization curves is reached as the criti-
cal field of the FOMP, see Fig. 3. The critical field evolves
when the temperature increases, as can be seen from Fig. 3.
The critical field increases up to 2.5 T for Y0.8Th0.2Co4B thus
approaching the anisotropy field. Consequently, this FOMP-
like magnetization process has even completely disappeared
at 100 K. It is remarkable that unlike YCo4B which presents
a spin reorientation of its magnetization direction,
Y0.8Th0.2Co4B does not exhibit that.37 Indeed, no anomalous
behavior has been observed on the susceptibility measure-
ments ruling out the possibility of such transition. The be-
havior of Y0.8Th0.2Co4B is similar to that observed previ-
ously for YCo4B above the spin reorientation since in both
cases the critical field increases with increasing temperature.

The overall magnetocrystalline energy of YCo4B results
from the competition of two contributions arising from the
Co ions at the two crystal 2c and 6i sites. These contributions
have opposite signs and comparable magnitudes.22,24,30,33

Consequently, the disappearance of the spin reorientation
temperature upon Th for Y substitution can be interpreted as
a result of the balance between these two sublattice aniso-
tropy. Unlike the 2c Co-sites which keep about the same

magnetic moment in both compounds, ThCo4B and
YCo4B,19,32 the 6i Co-sites magnetization has been found to
be significantly reduced in the ThCo4B compound. One can
thus expect a strong reduction in the 6i Co-sites contribution
to the magnetocrystalline anisotropy, a reduction which con-
tributes to the disappearance of the spin reorientation upon
replacing Y by Th atoms. At this point, it is worth to remind
that the magnetic moment of the Co3g site in tetravalent
�Th,Ce�Co5 compounds has been reported to be low and
unstable.38 In this context and bearing in mind the structural
relationship between the Co 3g and Co 6i positions in RCo5

and RCo4B structures, respectively, the reduced value of the
Co 6i magnetic moment in ThCo4B may be taken as remi-
niscent of the RCo5 behavior.

TABLE I. The Curie temperature of the Y1−xThxCo4B compounds and pressure derivatives of TC and MS.

x
TC

�K�

dTC /dP

�K/GPa�

d ln TC /dP
�TPa−1�

TCdTC /dP

�K2
/GPa�

d ln
TC /d ln V

d ln MS�5 K� /dP

�GPa−1�

0 375 �11.5�1.3� �30.7�4.0� �4310�30� 4.7�2.1� −33�3� 10−3

0.2 352 �9.0�1.3� �25.6�4.0� �3170�30� 4.3�1.5� −29�3� 10−3

0.4 329 �7.1�1.3� �21.6�4.0� �2340�30� 4.0�1.2� −31�3� 10−3

0.6 315 �6.8�1.2� �21.6�4.0� �2140�25� 4.4�1.2� −32�4� 10−3

0.8 309 �3.8�12� �12.3�4.5� �1170�25� 2.9�0.7� −33�4� 10−3

1 302 �4.0�12� �13.2�4.5� �1210�25� 3.5�1.8� −32�4� 10−3

FIG. 2. Isothermal magnetization curves of the Y1−xThxCo4B polycrystal-
line bulk samples at atmospheric pressure.

FIG. 3. �a� Isothermal magnetization curves of Y0.8Th0.2Co4B polycrystal-
line sample at ambient pressure. �b� Temperature evolution of the field de-
rivatives of magnetization showing the critical field of the magnetic first
order process at indicated temperatures.
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The magnetization isotherms recorded at 4 K for the
Y1−xThxCo4B compounds are significantly exhibiting differ-
ent magnetic behavior. The low magnetization obtained for
the Th rich compounds may be indicative of the occurrence
of instability of the magnetic moment. Indeed, as said above,
itinerant metamagnetic behavior has been reported for the
related RCo5 phase �R=Th,Ce�, leading to low magnetic
state and metamagnetic transition under high applied fields
from the small moment to the large moment state.38–40 The
Co atoms in this compound occupy two sites, 2c and 3g. It
was found by the band calculation40 that the Co atoms at the
3g site are nonmagnetic without magnetic field, while the Co
atoms at the 2c site are magnetic. High magnetic field mea-
surements would be useful to check the possible occurrence
of metamagnetic behavior in Th rich Y1−xThxCo4B com-
pounds.

In Y0.8Th0.2Co4B, the disappearance of the steplike mag-
netization curves above 220 K may originate from the over-
all change in the magnetocrystalline anisotropy parameters
upon increasing temperature. Indeed, the increase in the criti-
cal field may lead to a cross over with the anisotropy field
thus leading to the disappearance of the observed FOMP-like
in the magnetocrystalline isotherms. The presence of FOMP
in the magnetization curves requires certain conditions con-
cerning the anisotropy constant that must be fulfilled—see
the articles of Asti and Bolzoni for more details.41–43 A de-
tailed investigation of the anisotropy parameters of these
Y1−xThxCo4B compounds is out of the scope of the present
paper since such study requires single crystal samples and
high magnetic field to enable the adequate saturation of the
sample.

IV. PRESSURE EFFECTS

The pressure effects on magnetic properties of RCo4B
compounds22,25,26,34,44 have attracted our interest in the last
several years. Following these earlier measurements, we in-
vestigate and analyze successively the evolution of the order-
ing temperature, the magnetization, and the possible occur-
rence of the FOMP anomalies in the magnetic properties of
the Y1−xThxCo4B compounds. After the description of the
pressure effect on the crystal lattice, Secs. IV A–IV D will be
devoted to the influence of pressure on the crystal structure
and the intrinsic magnetic properties of these compounds
starting from the crystal lattice, followed by the Curie tem-
perature then by the magnetization and finally by the critical
field of FOMP.

A. Pressure effects on the crystal lattice

Two samples have been selected for the investigation of
the effect of pressure on their lattice: Y0.8Th0.2Co4B and
Y0.2Th0.8Co4B. The neutron diffraction experiments have
been undertaken at room temperature. Table II presents the
pressure dependence of the lattice parameters of these two
compounds. The pressure induced reduction in the unit cell
volume is much smaller for the Th rich compound than for
the Y rich one, showing the influence of the R element nature
on the compressibility of the lattice. According to earlier
studies, the values of compressibility, �=−d ln V /dP, are al-
most the same along the RCo4B compound series whatever
the rare-earth element is used. The value of 7.4 TPa−1 has
been reported for CeCo4B.26 The values calculated here for
Y1−xThxCo4B are much smaller, 6.2 and 4.3 for x=0.2 and
0.8, respectively, bearing witness to the influence of a large
atom like Th on the intermetallic compound compressibility.
It is worth to note that in spite of the known intermediate
valence state of Ce between the trivalent and tetravalent
state, the compressibility of the CeCo4B compound does not
correspond here to an intermediate case between the com-
pressibility of Y rich and Th rich Y1−xThxCo4B compounds.
As it is seen from Figs. 4 and 5, a continuous reduction in the
lattice parameters of both investigated compounds, with x
=0.2 and 0.8, is observed under pressure. Within error bars,
their linear pressure dependence can be considered in the
whole investigated pressure range.

B. Pressure effects on the Curie temperature
of Y1−xThxCo4B compounds

The Curie temperature of YCo4B has been found26 to
vary under the applied pressure with the pressure coefficients
d ln TC /dP=−3.1�10−2 GPa−1 �dTC /dP=−11.5 K /GPa�.
We concentrate here on the Y1−xThxCo4B isotype com-
pounds. As can be seen from Fig. 6, applying pressure in-
duces a reduction in the Curie temperature of all the
Y1−xThxCo4B compounds. The pressure coefficients of TC

are summarized in Table I.
As can be clearly seen in Fig. 7 presenting the compo-

sition dependence of the pressure coefficients is plotted, the
compounds Y1−xThxCo4B with the larger Th content exhibit
the substantially lower pressure dependence of the Curie
temperature. On the other hand, TC itself decreases with x
only slightly. Values of the parameter TCdTC /dP have been
reported to be close to 4300�300 K2

/GPa for the RCo4B.26

This is a value that is well consistent with the Wolfarth’s
model of itinerant ferromagnetism.45,46 When substituting Th
for Y in the Y1−xThxCo4B compounds series, the parameter
TCdTC /dP is significantly reduced by increasing x. Such

TABLE II. Pressure evolution of the Y1−xThxCo4B compounds lattice parameters deduced from powder neutron
diffractions under pressures 0 and 0.5 GPa.

Composition
da /dP

�Å/TPa�

dc /dP

�Å/TPa�

dV /dP

�Å3
/GPa�

d�ln a� /dP

�TPa−1�

d�ln c� /dP

�TPa−1�

d�ln V� /dP

�TPa−1�

Y0.8Th0.2Co4B �11�1� �13�4� �0.9�1� �2.2�4� �1.8�6� �6.2�8�

Y0.2Th0.8Co4B �5.5�5� �15�2� �0.66�5� �1.1�1� �2.1�2� �4.3�3�
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high value of TCdTC /dP for the RCo4B compounds �R
=rare-earth element or Y� could be understood by the pres-
ence of a non-negligible contribution of the 5d �or 4d� and 6s

�or 5s electrons of R �or Y, respectively�-elements to the
itinerant magnetism of the 3d-electrons in the Co sublattice.
In the contrast to R, a similar contribution of the 6d-and
7s-electrons of Th is almost negligible and the strong de-
crease in the parameter TCdTC /dP indicates that the Co sub-
lattice magnetism is evolving toward a more pronounced lo-
calized character with the increasing substitution of Th for Y.
Using the compressibility parameters determined above, the
volume dependence of the Curie temperature has been de-

rived. The corresponding values are given in Table I. It can
be noticed that both the compressibility and the Curie tem-
perature dependences are much smaller for the Th rich com-
pound. These results may be related since the exchange in-
teractions are known to be dependent upon inter-atomic
distances. The consequence of remarkably lower compress-
ibility of the Th rich compound than that of Y rich compound
is a significant reduction in the differences between the vol-
ume dependences of Curie temperature for Th and Y rich
compounds—see Table I. Practically identical values of
dTC /dP for compounds with x=0.8 and x=1 together with

FIG. 4. Pressure evolution of the a lattice parameter �a� and of the c lattice
parameter �b� for the Y1−xThxCo4B compounds, with x=0.8 and 0.2, at
room temperature.

FIG. 5. Pressure evolution of the unit cell volume of the Y1−xThxCo4B
compounds, with x=0.8 and 0.2, at room temperature.

FIG. 6. �Color online� �a� Thermomagnetic measurements at field 10 mT for
Y0.2Th0.8Co4B at the indicated pressures. �b� Pressure evolution of the Curie
temperature of the Y1−xThxCo4B polycrystalline samples.

FIG. 7. Dependence of dTC /dP and d ln TC /dP on composition of the
Y1−xThxCo4B compounds.
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similar magnetization values at ambient pressure can be an
indication of the fact, that magnetic moments of Co 6i ions
are already suppressed in both compounds.

One can remark the decrease in TC of the Y1−xThxCo4B
compounds upon applying pressure and corresponding de-
crease in the unit cell volume. On the contrary at ambient
pressure, the reduction in the Curie temperature is induced
by replacing Th for Y in spite of an expansion of the unit
cell. This bears witness to the importance of the electronic
influence of the substitution. The effect of Th cannot be con-
sequently reduced to a chemical pressure effect, but, the
electronic effect is of prime importance in the Y1−xThxCo4B
compounds to determine the magnetic properties of the Co
sublattice.

C. Pressure dependence of the magnetization

The high magnetocrystalline anisotropy hampers to
reach complete magnetic saturation in the Y1−xThxCo4B
compounds at the magnetic fields used. The shape of mag-
netization isotherms is not affected by pressure, but as can be
seen from Fig. 8, the magnetization is pressure dependent
and the logarithmic pressure derivative of the saturation
magnetization, d ln MS /dP, can be estimated.

It has been reported earlier that magnetization of the
YCo4B compound is very sensitive to the external applied
pressure.25,26 The value of the logarithmic derivative,
d ln MS /dP=−33�10−3 GPa−1, that has been obtained26 is
of an order of magnitude larger than the pressure effect on
the magnetic moment of metallic cobalt.26 In the present
study, the determined values of 1 /MS ·dMS /dP are ranging
from −29�10−3 GPa−1 to −32�10−3 GPa−1 for
Y0.8Th0.2Co4B and Y0.2Th0.8Co4B, respectively. In contrast
with the pressure dependence of TC, the pressure coefficient
of the magnetization is only slightly sensitive to the Th con-
centration �see Table I�. The determined values of
d ln MS /dP are similar not only to those reported earlier for
YCo4B but also to the more recently presented values for
YCo4Si �−33�10−3 GPa−1 and −30�5��10−3 GPa−1,
respectively22,26,47

�. Such high values of d ln MS /dP can be
interpreted as a confirmation of the dominant itinerant char-
acter of the Co magnetic moment in RCo4B. It is worth to

recall that for the largest Th concentration the large aniso-
tropy hampers to saturate the sample and the obtained values
of the logarithmic pressure derivative are in these cases
rather qualitative. The pressure induced decrease in magne-
tization of studied compounds is slightly more pronounced at
increasing temperature as a consequence of the decrease in
TC with pressure. At 200 K, the corresponding logarithmic
pressure derivatives are ranging between �33 and
−44 10−3 GPa−1 for the Y1−xThxCo4B compounds.

D. Pressure effects on the critical field in Y0.8Th0.2Co4B

The disappearance of the FOMP-like behavior for the
Y1−xThxCo4B compounds with composition x�0.2 may be
taken as an indication that this phenomenon reflects the in-
terplay between the 2c and 6i Co-site contribution to the
magnetocrystalline anisotropy. Indeed, the 6i Co-site contri-
bution to the magnetization has been found to vanish when
replacing Y by Th. Consequently, a reduction in the 6i Co-
sites contribution to the magnetocrystalline anisotropy and
the disappearance of the spin reorientation are expected re-
placing Y by Th atoms. Following this expectation, the mag-
netocrystalline anisotropy behavior of the Y0.8Th0.2Co4B
compound should be controlled by the 2c Co-site mainly.
One can thus suppose that the behavior of anisotropy of
Y0.8Th0.2Co4B is similar to that of YCo4B at high tempera-
ture when the 2c Co-sublattice contribution to the anisotropy
dominates over the 6i Co-sublattice. Indeed, this is what hap-
pens since, for the Y0.8Th0.2Co4B compound, the critical field
of the FOMP-like magnetization process increases with in-
creasing temperature by the same way as in YCo4B above
the spin reorientation temperature.22 As can be seen from
Figs. 8 and 9, the critical field at which the FOMP-like be-
havior manifests itself is found to be pressure dependant.
Moreover, the pressure evolution of the critical field in
Y0.8Th0.2Co4B is linear versus pressure as observed in the
case of YCo4B above the spin reorientation.22 At 5 K, this
critical field increases from 1.86 T to 2.07 T when the ap-
plied pressure increases from 0 GPa up to 0.8 GPa, respec-
tively. It is remarkable that this pressure induced increase in
the critical field corresponding to the anomalous magnetiza-
tion process is almost the same at 5 and 50 K. The pressure
derivative of dHC /dP is found to be 0.26�5� T/GPa and
0.32�5� T/GPa at 5 K and 50 K, respectively. These values

FIG. 8. Pressure evolution of the magnetization isotherms and the first order
magnetization like process in the Y0.8Th0.2Co4B polycrystalline sample at
temperature 5 K.

FIG. 9. Pressure evolution of the critical field of the FOMP in the
Y0.8Th0.2Co4B polycrystalline sample at the indicated temperatures.
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can be compared to that of YCo4B above the spin reorienta-
tion transition, where value of dHC /dP=0.3 T /GPa has
been obtained.22

V. DISCUSSION

In YCo4B, neutron diffraction3,9 has shown that the 2c
Co-site carries a much larger magnetic moment than the 6i
Co-sites. Both neutron diffraction and band structure calcu-
lations have demonstrated that Th for Y replacement dra-
matically influences the magnetic moment on the 6i
Co-site.19 Indeed, the magnetic moment carried on the 6i
Co-site in ThCo4B has been reported to be barely nil. On the
contrary, the 2c Co-site is not much affected by the Th for Y
replacement. For the large Th concentration in Y1−xThxCo4B
solid solution, the 6i Co-site magnetization being negligible,
the magnetic features reported here can be ascribed to the 2c
Co-sublattice only. When comparing the pressure sensitivity
of the Y rich to that of the Th rich compound one can assume
that the observed difference in pressure behavior of these
compounds represents the 6i Co-site sensitivity only since
the magnitude of 2c magnetic Co moment is not affected by
the Th for Y substitution. According to the large difference in
dTC /dP observed for the YCo4B and ThCo4B compound,
respectively, one can expect the 6i Co-sublattice contribution
to the Curie temperature of YCo4B to be more sensitive to
the pressure than the 2c Co-sublattice one. On the one hand,
one has to recall that both Co sublattices are carrying about
the same magnetization in YCo4B, on the other hand, already
in the related ferromagnetic ThCo5 compound, the Co 3g site
exhibits a lower magnetic state leading to unusual metamag-
netic transition.38,40 The metamagnetic transition takes place
when the Co atoms at the 3g site become magnetic under the
magnetic field, a transition which has been found to be very
sensitive to the applied pressure.39

The larger pressure sensitivity of the corresponding 6i
Co-site may be related to the difference in the local atomic
environment of the Co-sites since the presence of boron at-
oms in the neighborhood of the 6i Co-site leads to strong
hybridization of the Co and B electronic states. One can thus
assume that applying pressure should strengthen this hybrid-
ization by decreasing the 6i Co–B distances thus favoring a
reduction in the Co magnetic moment on the 6i sites. Obvi-
ously, the 2c Co-sites which have not boron as the nearest
neighbors should not experience such electronic effect of
pressure.

This discussion also requires the precise knowledge of
the crystal structure and its evolution with composition. Con-
sequently, crystallographic investigation will be carried out
by x-ray diffraction and analysis will enable to check the
possibility of preferential substitution scheme in the
Y1−xThxCo4B solid solution. Indeed one has to keep in mind
that the two inequivalent atomic positions for R are present
in the RCo4B type structure. The replacement of trivalent Y
atoms by tetravalent Th atom may have a significant influ-
ence on the physical properties. The determination of the Th
location within the lattice is thus of importance and this will
be the aim of a further work.

The FOMP-like behavior is present in Y0.8Th0.2Co4B,

but, it disappears in the compounds with the larger Th con-
tent. This reflects that the magnetocrystalline anisotropy pa-
rameters are significantly changed upon Th for Y substitu-
tion. The critical field at which this unusual FOMP-like
behavior occurs in Y0.8Th0.2Co4B is temperature as well as
pressure dependent. The YCo4B compound can be regarded
as a sample of intermetallics that is very sensitive to the
external pressure in comparison with the Th containing iso-
type compounds. Large sensitivity of the Co sublattice mag-
netic properties to external excitation like temperature, field,
and pressure has been observed.

VI. CONCLUSIONS

The values of pressure derivatives of both the Curie tem-
perature and the magnetization are negative for all the
Y1−xThxCo4B compounds series. This is opposite to the posi-
tive effect expected from the unit cell volume increase oc-
curring upon Th for Y substitution. This clearly supports the
dominant effect of valence electrons on the magnetic prop-
erties of the substituted Y1−xThxCo4B compound with re-
spect to the chemical pressure effect. In order to quantify the
electronic effect, band structure calculations are necessary.
Whereas the substitution of Th for Y induces a strong reduc-
tion in the Curie temperature and the magnetization, the
pressure dependence of magnetization is almost the same in
all the Y1−xThxCo4B compounds. This indicates that the
magnetism of the Co-sublattice plays clearly dominating role
in the sensitivity of magnetization to external pressure. On
the contrary, the sensitivity of the Curie temperature to ex-
ternal pressure is much higher in the Y rich compounds than
in the Th rich ones which bear witness to the electronic in-
fluence of Th in this case.

The spin reorientation presented in YCo4B disappears in
the Y1−xThxCo4B compounds with x�0.2. The FOMP oc-
curs only for Y0.8Th0.2Co4B. The pressure dependence of the
critical field at which this FOMP phenomenon occurs has
been analyzed and discussed. Whereas YCo4B has been de-
scribed as the unique compound where the FOMP is associ-
ated with the Co sublattice only, we have shown here that
Y0.8Th0.2Co4B also exhibits such unusual magnetic behavior.
According to the room temperature neutron diffractions, the
lattice parameters decrease linearly in the pressure range up
to 0.5 GPa. The substitution of Th for Y induces a significant
reduction in the Y1−xThxCo4B lattice compressibility.

Further magnetic studies of the Y1−xThxCo4B com-
pounds at high magnetic field are necessary to saturate the
magnetization of all the samples and to determine accurately
the saturation magnetization as well as the anisotropy param-
eters. In order to better understand the magnetic properties of
the Co sublattice at a microscopic scale, low neutron diffrac-
tion experiments would be necessary.
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