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The solubility limit of Ge in the YCo5−xGex structure is shown to be close to one Ge atom per formula
unit by combining diffraction techniques and electron microscopy. The evolution of the crystal structure
of the YCo4.5Ge0.5 compound is studied by X-ray and neutron diffraction experiments. A preferential
substitution scheme is observed, the Ge atom being preferentially located on the Co 3g positions. Powder
neutron diffraction results shows that the Co magnetic moments are significantly reduced by the presence
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of Ge in the crystal structure. The intrinsic magnetic properties such as the saturation magnetization and
the magnetocrystalline anisotropy parameters are determined at 4.2 and 300 K from a fit of the isothermal
magnetization curves measured in applied field up to 23 T. Ge for Co substitution induces a reduction
of the first order anisotropy parameter. The large magnetocrystalline anisotropy found for YCo4.5Ge0.5 is
not much reduced upon heating from 4 to 300 K. The results are compared and commented in the light
of that reported earlier for YCo5 and other homologues such as YCo4Al or YCo4Ga.
agnetic properties
nisotropy

. Introduction

Since their discovery in 1947 (CeCo5), the hexagonal RCo5 inter-
etallics have been intensively studied from the fundamental

iewpoint but also for their potential applications [1–4]. The RCo5
ompounds have been widely used as permanent magnets because
f their excellent magnetic properties: high Curie temperature
TC), large magnetocrystalline anisotropy (MCA), and important
aturation magnetization (Ms). These performances are due to the
ombination of the complementary characteristics of 3d-itinerant
nd 4f-localized magnetism of Co and R, respectively. The RCo5
ompounds crystallize in the hexagonal CaCu5 type structure with
6/mmm space group. Materials with this hexagonal structure were
specially investigated for possible extremely high magnetocrys-
alline anisotropy. In spite of their relatively old discovery the RCo5
ype compounds are still attracting much interest nowadays from
oth the experimental and theoretical point of view in order to
eeper understand their intrinsic physical properties such as the

agnetoelastic properties [5,6]; the exchange interactions [7,8];

he electronic structure [9,10] or the magnetocrystalline anisotropy
11,12].
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The RCo5−xMx compounds, where R is yttrium or a rare earth,
have been extensively studied both because their crystalline struc-
ture derives from the technologically important RCo5 structures
and because their magnetic properties and, more specifically, their
magnetic anisotropy, strongly depend upon the metalloid element
M content x [13–16]. In particular, the effects of the substitution of
Al, Ga or Si or B for Co in the RCo5 (R = Y, Pr, Tb and Dy) compounds
have been discussed in previous studies [15–24]. Here, we report
on the influence of the Ge for Co substitution in the RCo5 struc-
ture based on the investigation of the YGo5−xGex system. The phase
stability will be probed by combining X-ray diffraction, electron
microscopy investigation and energy dispersive X-ray microanaly-
sis. Then we present results of neutron diffraction investigations
performed on YCo4.5Ge0.5 compounds between 2 and 300 K to
establish both the Ge substitution scheme and the magnetic struc-
ture of the YCo4.5Ge0.5 phase. In addition to neutron diffraction
experiments, high magnetic field measurements are performed to
investigate the magnetocrystalline anisotropy of the YCo4.5Ge0.5
phase and deduce the influence of Ge for Co substitution on the
anisotropy of the Co sublattice.

2. Experimental
2.1. Synthesis and sample preparation

The polycrystalline samples of YCo5−xGex studied herein were prepared from
high purity elements better than 99.95% for elemental Co, Ge and Y, respectively,
using a high frequency furnace under purified Ar atmosphere. The samples were

dx.doi.org/10.1016/j.jallcom.2010.06.025
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
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Fig. 1. The hexagonal crystal structure of YCo5 (CaCu5-type structure of P6/mmm
space group). Yttrium atoms in the centre of the hexagons are represented by grey

note that the main phase is the CaCu5 type with traces of YCo2Ge2
as impurity whereas for the YCo3Ge2 alloy the majority phase is
the YCo2Ge2 one. In addition to the estimation of the atomic con-
tent of the different phases extracted from the EDX microanalysis,
2 C.V. Colin et al. / Journal of Alloy

hen quenched from the melt in the water cooled copper crucible. The purity of the
hases has been characterized by X-ray diffraction and electron microscopy analyses
ee below. Field oriented samples were prepared by solidifying, at room tempera-
ure, the mixture of epoxy resin and of the powdered specimen in a magnetic field
f c.a. 0.6 T. Prior to the orientation, the samples were powdered and then sieved
own to a particle size smaller than 30 �m.

.2. X-ray diffractometry and electronic microscopy

The phase purity of the samples was checked by means of X-ray diffraction using
�/2� diffractometer and Co K�1 radiation 1.789 Å. Experiments have also been

erformed on the powder sample previously oriented under an applied magnetic
eld, thus enabling to determine the easy magnetization direction of the sample. The
lloy purity has been checked by using a JEOL 840A scanning electron microscope
quipped with an KEVEX energy dispersive X-ray EDX microprobe.

.3. Neutron diffraction

Neutron diffraction experiments were carried out at the high flux reactor of
he Institut Laue Langevin (Grenoble, France) using the high-resolution two-axis
owder diffractometer D1A operating with a take off angle of 122◦ from the
onochromator. The measurements were carried out at a wavelength of 1.91 Å

elected by the (1 1 5) reflection of a Ge monochromator. The diffraction pattern
t room temperature (300 K) was measured over the 2� range from 2◦ to 160◦

ith a step size of 0.05◦ . Further neutron diffraction patterns as function of tem-
erature were obtained using the high flux powder diffractometer D1B (French
NRS-CRG instrument). The two-axis D1B powder diffractometer used for this work
as equipped with a large one dimensional 400 cell curved detector which recorded

he diffraction pattern over a 2� range of 80◦ . The neutron wavelength of 2.52 Å was
elected by the (0 0 2) reflection of a pyrolitic graphite monochromator and the 2�
tep was 0.2◦ . All powder neutron diffraction data were analyzed using the Rietveld
ine profile technique implemented with the program FULLPROF [25]. This program
ermits multiphase and magnetic structure refinement of each of the components
resent. A pseudo-Voigt type peak shape function was used in the refinements and,

n the case of the D1B data, the peak shape was very close to pure Gaussian. For
he very low angle Bragg reflections, an asymmetry parameter has been used to

imic the known instrumental asymmetry of the D1A diffractometer. The coher-
nt neutron scattering lengths were bGe = 0.8185 × 10−12, bCo = 0.249 × 10−12 cm, and
Y = 0.775 × 10−12 for Ge, Co and Y, respectively [26].

A full description of the Rietveld method used in this article as well as the
efinition of the agreement factors can be found elsewhere [27].

.4. Magnetic measurements

The magnetic ordering temperature has been determined with a Faraday type
alance at heating and cooling rates of 5 K/min. A sample of c.a. 50–100 mg was
ealed under vacuum in a small silica tube in order to prevent oxidisation of the
ample during heating. The magnetization measurement of YCo4.5Ge0.5 was per-
ormed at 4.2 and 295 K using the extraction method [28] in applied fields of zero
o 23 T. The magnetic field was produced by a water cooled resistive magnet at the
NCMI high magnetic field laboratory in Grenoble, France.

. Results and discussion

.1. Crystal structure

The YCo5 phase crystallize in the hexagonal CaCu5-type struc-
ure with P6/mmm space group. Fig. 1 presents this structure which
omprises one site for Ca (1a) and two different crystallographic
ositions for Cu (2c and 3g). The 2c site lies in the same plane as
he 1a site and the 3g position is situated between the layers con-
aining the 2c and the 1a sites. The RCo5 structure is isotypic to
he CaCu5 one where R and Co atoms are situated in the Ca and Cu
ositions, respectively.

X-ray diffraction analysis shows that this CaCu5-type structure
f the starting YCo5 is preserved until the Ge for Co substitution
qual to 1. The YCo4.5Ge0.5 and YCo4Ge compounds are found to be
early single phase whereas the substitution of more Ge leads to
he appearance of a second Ge rich phase. Indeed traces of impurity

hase of Y2(Co/Ge)7 can be observed in Fig. 2. Consequently the sol-
bility limit of Ge in YCo5 is supposed to be between 1 and 1.5 Ge
tom per formula unit. This value is comparable to that of Si solu-
ility limit reported earlier [29]. The summary of the results found
y X-ray diffraction are displayed in Table 1, this includes a list of
spheres, the two crystallographically non-equivalent cobalt atoms at the corners
(2c site) and on the prism face centers (3g site) are represented by light-blue and
dark-blue spheres. (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of the article.)

the phases present together with the corresponding lattice param-
eters deduced from least squared refinement taking into account
all the observed Bragg reflections.

The lattice parameters are increasing upon Ge for Co substitu-
tion because of the larger atomic radius of Ge. This expansion of the
unit cell is more pronounced along the c-axis than in the basal plane
since the c/a ratio is increasing upon Ge substitution. The analysis by
scanning electron microscopy (SEM) confirms the good homogene-
ity and stoichiometry of the YCo4.5Ge0.5 and YCo4Ge compounds.
More phases can be observed for richer Ge content. For instance,
Fig. 3 shows the SEM picture of YCo3.5Ge1.5 alloy. As can be seen
from this electron micrograph, coexistence of different phases is
observed. A bright one corresponding to a larger electronic con-
centration and the CaCu5 type phase which appears darker. EDX
microprobe analysis reveals that this minor impurity phase con-
tains all the three elements Ge, Co and Y. The inspection of the X-ray
microanalysis reveals the presence of YCo2Ge2 for the non-single-
phase the YCo5−xGex materials with x = 1.5 and 2. It is worth to
Fig. 2. XRD patterns recorded on a field-oriented sample (a) and on a free powder
(b) of YCo4.5Ge0.5 at room temperature (� = 1.79030 Å). The Y2Co7 minority phase
contribution is indicated with stars.
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Table 1
Structure types and room temperature lattice parameters of the phases observed in the YCo5−xGex alloys as determined by X-ray powder diffraction.

Composition Phases and structure type Space group a (Å) c (Å) c/a Cell vol. (Å3)

Yco5 [4] YCo5 P6/mmm 4.937 3.978 0.806 83.970
YCo4.5Ge0.5 YCo5 P6/mmm 4.956(1) 4.002(1) 0.807 85.137
YCo4Ge YCo5 P6/mmm 4.943(9) 4.018(7) 0.812 85.03
YCo3.5Ge1.5 YCo5 P6/mmm 4.993(2) 3.978(2) 0.797 85.913

YCo2Ge2 I4/mmm 3.9730(2) 10.0925(6) – 158.215
YCo3Ge2 YCo2Ge2 I4/mmm 3.9730(2) 10.0925(6) – 158.215
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Table 2
Rietveld refinement results of the YCo4.5Ge0.5 powder neutron diffraction patterns
recorded at 10 and 300 K.

T (K) 10 300
Instrument D1B D1A
� (Å) 2.520(6) 1.910 (1)
Space group P6/mmm P6/mmm
a (Å) 4.936(6) 4.952(2)
c (Å) 3.993(6) 4.001(2)
Site 2c (%Co) 95 fixeda 95(1)
Site 3g (%Co) 87 fixeda 87(1)
MCo(2c) (�B/atom) 1.0(2) 1.1(2)
MCo(3g) (�B/atom) 1.9(2) 2.0(2)
EMD c-axis c-axis
RBragg, RMag (%) 6.91, 17.6 7.03, 12.9
ig. 3. SEM picture of YCo3.5Ge1.5 compound. Three different phases can be
bserved. Energy dispersive X-ray analysis give a stoichiometry around YCo2Ge2

or phases 1 and 2 whereas phase 3 has a stoichiometry close to YCo3.5Ge1.5.

he inspection of the X-ray diagrams confirms the existence of the
hases discussed above in the YCo5−xGex materials.

A precise determination of the Ge location in the CaCu5-type

tructure was completed by neutron powder diffraction investi-
ations. From the neutron diffraction experiments carried out at
oom temperature on the high resolution powder diffractometer
1A (Fig. 4) it is found that the Ge atoms occupy preferentially the
g crystallographic site of the CaCu5 structure (Table 2). Previous

ig. 4. The powder neutron diffraction pattern of YCo4.5Ge0.5 obtained at room tem-
erature on the D1A high resolution diffractometer (� = 1.91 Å). The points represent
he experimental data and the solid line is the result of the Rietveld profile analysis.
he difference between the experimental data and the calculated pattern is plotted
n the same scale in the lowest part of the figure. In between, the first and sec-
nd rows of vertical lines refer to the magnetic and nuclear contributions to the
iffraction pattern.
Rwp (%), �2 11.2, 35.1 13.5, 4.77

a Values fixed according to the results of the high resolution powder neutron
refinement at 300 K.

neutron powder diffraction studies on the substituted RCo5−xMx

compounds have shown that some other metalloids (M = Al, Ga
and Si) also preferentially occupy the 3g crystallographic site of the
CaCu5 structure [18–22,30]. It is well known that in the RCo5 struc-
ture the easy c-axis anisotropy of the Co sublattice is found to arise
from the Co 2c sites, while the 3g sites make a smaller opposite (pla-
nar) contribution. The preferential location of the non-magnetic Ge
atoms on the 3g sites should reduce the 3g planar contribution to
the magnetocrystalline anisotropy, thus favouring an enhancement
of the overall easy c-axis magnetocrystalline anisotropy due to the
Co sublattice. As can be seen from Table 2, the neutron diffraction
results are in good agreement with X-ray diffraction analysis con-
cerning the lattice parameters at 300 K. The investigation of the
diffraction patterns recorded every 12 K on D1B shows that the
a and the c lattice parameters slightly increases as temperature
increases (Fig. 5). This behaviour is usual and linked to the atomic
thermal vibration. It is remarkable that the thermal expansion of

the lattice occurs mostly in the basal plane whereas the c-axis does
not expand much below 200 K.

It is well known that the stability range of the heavy rare earth
RCo5 phases imposes the use of the off-stoichiometric compositions

Fig. 5. Thermal evolution of the lattice parameters of YCo4.5Ge0.5. The a and c lattice
parameters are plotted in close and open symbol, respectively.
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Table 3
Magnetic properties of YCo4.5Ge0.5 where HA is the magnetocrystalline anisotropy field and the other parameters are defined in Eq. (1).

Compound TC (K) Ms (�B/f.u.) �0HA (T) K1 (MJ/m3) K2 (MJ/m3)
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4 K 300 K 4 K

YCo5 [39,40] 945 8 7.5 18.1
YCo4.5Ge0.5 778(2) 5.2(1) 4.9(1) 16.5(1

escribed by the formula R1−sCo5+2s [3,31], called dumbell pairs. It
s worth to note that no dumbbell pairs have been found in the
resent study of YCo4.5Ge0.5 unlike what is usually observed for
he homologue YCo5 and other heavy rare-earth RCo5-type phases
3].

.2. Magnetic properties

Although the substitution of Ge for Co preserves the CaCu5
tructure of the RCo5 compounds, its influences on the magnetic
roperties are significant. The YCo4.5Ge0.5 compound exhibits a fer-
omagnetic order since yttrium is nonmagnetic. The influences of
e substitution on the magnetic Co sublattice can well be studied
sing YCo4.5Ge0.5 as reference compound. The saturation magne-
ization seriously drops down upon Ge substitution (Table 3). The
ilution of the Co sublattice by Ge substitution induces a dramatic
ecrease of the mean Co magnetic moment �Co from 1.62 to 1.15 �B
or YCo5 [3,4] and YCo4.5Ge0.5, respectively. This can be explained
y assuming that the two valence electrons of Ge (4s2 4p2) are
artially transferred into the Co-3d band, thus reducing the Co mag-
etic moment. This could explain the observed reduction of the
aturation magnetization MS.

As it has been determined by thermomagnetic measurement
Fig. 6) the Ge for Co substitution leads also to a decrease of the Curie
emperature from 945 to 778 K for YCo5 and YCo4.5Ge0.5, respec-
ively. This feature is due to the presence of Ge (non-magnetic
tom), which induces a decrease of the exchange interactions in
Co4.5Ge0.5 compared with RCo5. The p(Ge)–d(Co) hybridization
ight also goes together with a decrease of the strength of the

o–Co exchange interaction. Hence, the drop down of the TC can
e explained by both reductions of the number and strength of the
o–Co exchange interaction. It is worth noting that the reduction of

Co by Ge for Co substitution is similar to that obtained for Al or Ga
ut smaller than that obtained for the B substitution [14–19]. This

ndicates that the Co–B electronic hybridization is more effective
han the Co–Ge one.

Fig. 6. Thermomagnetic measurement of YCo4.5Ge0.5.
300 K 4 K 300 K 4 K 300 K

13.7 7.4 5.8 −0.18 −0.36
11.1(1) 2.8(7) 2.4(8) 0.7(7) 0.0(7)

The magnetic moments carried by each atom as determined by
powder neutron diffraction analysis are listed in Table 2. In the
present investigation, the sum of the refined Co magnetic moments
is slightly larger than the bulk magnetization. This is a common
feature since the powder neutron diffraction is essentially sensi-
tive to the localized magnetic moments and is less sensitive to
the negative polarization of the valence electrons. However, this
is a powerful method to determine the direction and magnitudes
of the atomic magnetic moments. We observe a rather constant
contribution of the Co magnetic moments at 4 K and room tem-
perature. The magnitude of the Co-2c magnetic moment is only
about one half of those obtained on the Co-3g position. This result
is true at both temperatures. This was also reported earlier for the
ErCo4.5Ge0.5 isotype [32]. This difference of magnetic moments was
hardly noticeable in YCo5 where the obtained values were 1.72
and 1.77 �B for 2c and 3g site, respectively [33,34]. On the con-
trary, a large difference was observed in YCo4B where Co magnetic
moments of 1.6 and 0.6 �B were found to coexist. This feature is
related to the change of the crystallographic structure as discussed
elsewhere [23,35].

In order to determine the easy magnetization direction (EMD) at
room temperature, X-ray diffraction patterns have been obtained
on magnetically oriented powder. Fig. 2 shows a comparison
between the diffraction patterns recorded on a free powder and
that recorded on a powder aligned under a magnetic field for
the YCo4.5Ge0.5 sample. X-ray diffraction pattern was recorded at
room temperature for YCo4.5Ge0.5 on powder sample oriented in an
applied magnetic field. In the X-ray diffraction pattern of the field-
oriented sample there are only two Bragg peaks indexed as (0 0 l).
Taking into account that the magnetic field is applied perpendic-
ularly to the plane of the sample, we conclude that in YCo4.5Ge0.5
the EMD is along the c-axis at room temperature as in the cor-
responding YCo5 reference compound. Indeed, the behaviour of
the anisotropy in YCo5 has been satisfactorily described in terms
of a localized model. It has been shown that in the YCo5 type
compounds, the two inequivalent 2c and 3g sites exhibit opposite
magnetocrystalline anisotropy [37,38].

It has been well established that the YCo5 compound presents
uniaxial anisotropy, with the EMD along the c-axis at all tem-
peratures [39,40]. The neutron diffraction analysis of YCo4.5Ge0.5
compound shows a direction of the magnetic moments along the
c-axis of the hexagonal structure at both 2 and 300 K, in perfect
agreement with the determination established by oriented X-ray
diffraction at room temperature. Furthermore, the thermomag-
netic analysis performed between 300 and 1000 K for YCo4.5Ge0.5
indicates only one transition from a ferromagnetic order to a para-
magnetic state. No sign of SRT has been observed unlike what
was reported earlier for YCo4B [13,14]. Thus, we can conclude that
YCo4.5Ge0.5 exhibits an axial EMD up to the Curie temperature.
This result is worth to be noted since in the contrary YCo4B has
been shown to exhibit a spin reorientation phenomenon indicating
that its EMD is aligned along the basal plane at low tempera-
ture and along the c-axis above the spin reorientation [13,35,36].

This phenomenon is due to the competition between the oppo-
site individual site anisotropies of Co atoms situated on the two
inequivalent atomic sites. It is thus remarkable that in YCo4.5Ge0.5
the EMD remains along the c-axis of the crystal structure upon Ge
for Co substitution.
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ig. 7. Magnetization isotherms of YCo4.5Ge0.5 recorded at 4.2 (close symbol) and
00 K (open symbol) with the field applied parallel and perpendicular to the easy
agnetization direction. Inset: fit of perpendicular magnetization curve at 300 K

parameters in Table 3).

As can be seen from the isothermal magnetization curves plot-
ed in Fig. 7, the high magnetic field used here up to 23 T enables
o saturate the sample in both directions, parallel and perpendic-
larly to the easy magnetization axis. A slightly larger anisotropy

s observed at 4.2 K than at room temperature for the YCo4.5Ge0.5
ompound. The anisotropy is large but smaller than the huge one
eported for the YCo5 parent compound. For an hexagonal sym-
etry such as for the YCo4.5Ge0.5 compound studied here, the free

nergy is expressed as:

= K1 sin2 � + K2 sin4 � − �0H0(Ms + �hf �0H0) cos(� − �H) (1)

here Ms is the spontaneous magnetization, H0 is the internal mag-
etic field and �hf is the high-field differential susceptibility. The
1 and K2 are the anisotropy parameters. In Eq. (1), we have devel-
ped the anisotropy energy to the 4th order neglecting the higher
rder terms in particular the in-plane anisotropy which normally
ppears at the 6th order. � denotes the angle between the magne-
ization direction and the c-axis of the crystal structure whereas
H corresponds to the angle of the magnetic field versus c-axis.
ince the magnetic field is applied perpendicularly to the EMD, if
he EMD is along the c-axis, �H value is normally 90◦. However, a
ossible misalignment of the crystallites with respect to the direc-
ion of the applied magnetic field has been taken into account.
his has been done by using au Gaussian distribution of the grains
round 90◦ with a mean misalignment of 7◦. An example of the
t is given in the inset of Fig. 7. Similar fitting procedure has been
sed successfully to extract the anisotropy parameters from the
agnetization curves of other hard magnetic materials procedure

ee Ref. [41] for more details. The saturation magnetization, the
nisotropic field �0HA, the first K1 and second K2 anisotropy param-
ter deduced from a fit of the magnetization curve are listed in
able 3. The obtained positive sign of K1 together with the much
ower K2 value are consistent with the existence of an easy mag-
etization axis along the c-axis of the crystal structure. The K1
nisotropy parameter is reduced upon replacement of Co by Ge and
alues of 2.8 and 2.4 MJ/m3 have been fitted from the magnetization
urves at 4 and 300 K, respectively. This clearly demonstrates that
he presence of Ge not only influences the overall magnetization
ut also induces a strong reduction of the Co sublattice magne-
ocrystalline anisotropy. This large effect is typical of the influence

f p elements in the YCo5 type compounds since similar decrease
f the magnetocrystalline anisotropy has been reported for Ga or
l [15,16,18,19,34].

According to our neutron diffraction investigation, substituting
e for Co in YCo5 led to the replacement of a Co atom exhibiting a
Compounds 505 (2010) 11–16 15

planar anisotropy character on the 3g position by a non-magnetic
Ge atom. Consequently, an increase of the overall uniaxial magne-
tocrystalline anisotropy could have been expected. On the contrary
a reduction of the Co sublattice magnetocrystalline anisotropy is
observed for YCo4.5Ge0.5. This germanium induced reduction most
probably originates from the modification of the spin and orbital
contributions to the Co magnetic moments upon substituting Ge
for Co. Indeed, earlier reported polarized neutron diffraction exper-
iments as well as band structure calculations have evidenced that
the high anisotropy in YCo5 is associated with an important orbital
magnetic contribution, especially on the Co 2c site [33,37,40,42].
Nothing can be inferred about the orbital and spin contributions
because of the inherent nature of the neutron powder diffraction
techniques. Band structure calculation or polarized neutron inves-
tigation on Ge containing compounds would be useful to check this
hypothesis of change of the Co spin and orbital magnetic compo-
nents.

As discussed earlier, it is clear that the saturation magnetiza-
tion is reduced upon Ge for Co substitution thus confirming at a
macroscopic scale the reduction of the atomic magnetic moment
as obtained by neutron diffraction results. The magnetization goes
from 8.1 down to 5.2 �B/formula unit for YCo5 and YCo4.5Ge0.5,
respectively. It is worth to mention that the YCo4.5Ge0.5 compounds
exhibits a significant anisotropy of the saturation magnetization.
Indeed the saturation magnetization measured in the hard direc-
tion is 6 and 4% smaller than the one measured along the c-axis at
4 and 300 K, respectively. This anisotropy of the saturation magne-
tization is very close to the 4% reported from high magnetic field
investigation of the YCo5 single crystal [39,40].

4. Conclusions

In summary, we report on the crystal and magnetic features
of the YCo4.5Ge0.5 phase. Ge for Co substitution preserves the
CaCu5-type crystal structure but increases slightly the unit cell.
This expansion of the unit cell is more pronounced along the c-
axis than in the basal plane since the c/a ration is increasing upon
Ge for Co substitution. The thermal expansion of the lattice occurs
mostly in the basal plane whereas the c-axis does not expand much
below 200 K. A preferential occupation of Ge atoms for the 3g site is
demonstrated by means of powder neutron diffraction investiga-
tions. The effects of the Ge substitution on the magnetic properties
are drastic. We have evidenced a dramatic decrease of the mean
Co magnetic moment, the saturation magnetization and the Curie
temperature. The crystal structure investigation revealed that no
dumbbell pairs are observed in YCo4.5Ge0.5 unlike what has been
reported for the YCo5 homologue.

In the YCo4.5Ge0.5 phase, the Co sublattice presents a reduced
magnetocrystalline anisotropy comparison with that of the YCo5
compound. An anisotropy parameter of 2.8 MJ/m3 has been deter-
mined at 4 K. The large magnetocrystalline anisotropy observed at
4 K for YCo4.5Ge0.5 phase is preserved at room temperature.
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