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MAGNETIC AND MOSSBAUER STUDIES ON GdCosBy AND DyCo3Bp”

S. K. Malik,*™ A. M. Umarji, and G. K. Shenoy

Materials Science and Technology Division
Argonne National Laboratory, Argonne, Illinois 60439

ABSTRACT
Magnetization and Mdssbauer studies have been carried out on GdCo3B2 and

DyCoBBz. These compounds are magnetically ordered with Curie temperatures of
56 K and 21 K respectively. The Co atoms are either nonmagnetic or carry a
small moment in these compounds. The saturation moment of DyCo3B2 at 5 K is
smaller than the Dy3+ free-ion value. From 161Dy Mdssbauer studies, the
measured hyperfine magnetic field at the Dy site is also observed to be
smaller than the free-ion value. 1°7Gd Mdssbauer measurements in GdCoBB2
reveal the presence of large crystalline electric fields at the rare-earth

site. This causes the moment and the hyperfine field at the Dy site in

DyC0382 to be reduced from itsAFree—ion value.
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T. INTRODUCTION

The RCo3B, (R=rare-earth) compounds crystallize in the hexagonal CeCo3Bj
type structure [1] which is obtained from the well-known Rlog type structure
by an ordered replacement of (2c) Co atoms by B atoms. These compounds belong
ta a hamologeus family represented by the general formula Rp,qCo3zp,.5Ban which
reduces to RCos for n=0 and to RCosB, for naw [2]. The magnetism of RCog
compounds has been very thoroughly investigated [3]. 1In the light of interest
in rare-earth ternary borides, we have investigated the magnetic behavior cf
RCO;BZ compounds. In this paper we report the results of magnetization and
M&'ssbauer studies on GdCo3B2 and DyCosB,. The Missbauer effect studies pro-
vide information on local properties of the system which can be profitably

used to supplement the bulk magnetic behavior.

II. EXPERIMENTAL

The campounds GdCo3Bz and DyCo3By were prepared by arc melting of
stoichiometric amounts of the constituent elements in purified Argon
atmosphere. The alloy buttons were turned over and melted several times to
ensure homogeneity. The weight loss during melting was negligible. The
samples were subsequently wrapped in tantalum foil and annealed in vacuum at
800°C for 7 days. Powder X-ray diffraction patterns were obtained, using Cuk,
radiation, on Rigaku X-ray diffractometer equipped with a monochromatur.
Magnetic ordering temperatures of the compounds were determined using an ac
induction method. The magnetization of these compounds was measured in the
temperature range of 5 to 300 K using a SQUID magnefcmeter. Magnetization
versus field isotherms were recorded at 5 K. We have used the 86.5 keV
M&ssbauer resonance in 12°Gd and the 25.6 keV resonance in 161Dy to probe

GdCo3B2 and DyCoszB,. M&'ssbauer spectra of Gd and Dy were obtained at 4.2 K



using conventional M§ssbauer spectrometer and cryostat and with the following

sources: 135fu in Sde3 (held at 4.2 K) for the 123Gd resonance, and 16175 in

DyU.SGdO.SFB (hela at 298 K) for 151Dy resonance.

III. RESULTS AND DISCUSSION

(a) Crystal Structure:

Room temperature powder X-ray powder diffraction patterns revealed that
within the X-ray detection limif these compounds are single phase materials
crystaliizing in the hexagonal CeC0382 type structure. The lattice parameters
obtained from the least-squares fit of observed d values are given in Table 1
and are in good agreement with those reported earlier [1]. As mentioned
above, the structure of RCosB, compounds can be obtained from that of RCog by
an ordered replacement of the (2c) Co sites by the B atoms. The rare-earth
occupies the unique (12) site and the Co cccupies the (3g) and B the (2c)

site. The site symmetry at the rare-earth site is axial (6/mmm).

{b) Magnetization:
AC susceptibility measurements showed that the compouhds GdCo;B2 and

DyCo B2 are magnetically ordered below 56 K and 20.6 K, respectively. Figure

3
1 shows the variation of magnetization of RC0332 (R=Gd, Dy) as a fuﬁction af
applied field at 5 K. The magnetization of GdC0382 shows tendency towards
saturation even in a low field of 10 kOe. The magnetic moment per formula
unit extrapolated to infinite field is 6.4 ¥y which may be compared with a
moment of 7 ug for Gd>* ion. It is well known that tnere is antiparallel

coupling of rare-earth moment and 3d moment when rare-earth belongs to seccnd

half of the rare-earth series (including Gd). If the decrease in the moment



in GdCo3B, from the value of Gd>* free-ion is attributed to Co atoms then it
appears that Co atoms have a low moment =0.2 pg per Co. This is consistent
with the low ordering temperature of the RCoB, compounds (Table 1) because
the rare-earth moments are usually well-localized and interact indirectly via
conduction electrons. However, Oesterreicher et al. [4] have obtained a value
of 6.9 by as the moment in GdC0382 in which case the moment on Co is‘nearly
zero. The discrepency in the moments obtained by us and that in Ref. 4 may be
due to smallvvalue of the field available in the present case. In DyCoiBj,
tihe saturation moment is only 7.6 Wy per formula unit. Even if 0.2 g per Co
is added to this, the net moment is lower than the mament of Dy3+ free-ion

(10 "8)‘ We do not expect Co moment to be substantially different in Dy
compound compared to that in Gd compound. The Curie temperatuve of DyCo3B2 is
also low. It may also be remarked that in both the compounds a small contri-
bution to the moment may come from conduction electron polarization.

The temperature dependence of the magnetization of GdC0382 and DyCo3B2 in
an applied field of 5 k8= is shown in Fig. 2. Maénetization shows a large
drop around 56 K and 21 K for Gd and Dy compounds, respectively. These
tehperatures are in agreement with the ordering temperatures obtained from ac
susceptibility measurements nn these compounds. In the paramagnetic state the
susceptibility follows Curie-Weiss behavior for GdCo3B2 with Voff = 8.05 ¥
and 6 = 59 K. However, for DyCo3Bé, the susceptibility deviates from the
Curié Weiss behavior. It is, as yet, not clear whether this is an intrinsic
effect or is Que to traces of impurity phases. The R-Co system has many
intermetallics which order at'high temperatures [3]. However, as mentioned

above, no extra phases were detected in the powder X-ray patterns.
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(c) Md'ssbauer Hyperfine Fields \

Figure 3 shows the 195Gd Misshauer spectrum in GdCo3BZ at a temperature
of 4.2 K. We observe a quadrupole split doublet but with no well resolved
magnetic hyperfine pattern. The spectrum has been analyzed by assuming that
the principal axes of electric field gradient and the hyperfine ﬁagnetic field
are parallel. The least-squares fit to the Md'ssbauer spectrum from such an
analysis is shown as the solid line in Fig. 3. The analysis yields a
quadrupole interacticn equ = -1008 + 80 MHz and a magnetic hyperfine field of
129 t+ 20 k0e at 4.2 K. Since Gd is an S state ion, there is no contribution
to electric field gradient (efg) from the aspherical 4f electrons. The efg

agrises from the lattice charges only. The Bg term in the crystalline field

Hamiltonian is related to efg and large efg implies a large Bg term in the
crystal fields acting on the rare-ion in RC03B2 compounds. The analysis

- yields Bg/k = -6.37 K for Dy3+ in DyCoBBz, which is rather large campared to
that in many other rare-earth ternary borides and sulphides [5,6].

The 161Dy Mdssbauer spectra in DyCozB, at 30 K and 4.2 K are shown in
Figure 4. A well resolved hyperfine pattern is observed from which, by least
square fit, a value of 4588 kOe is obtained as phe field acting on Dy nuclear
site. This may be compared with the free-ion value of about 5800 kle. The
reduction in the field is about the same as the reductiﬁn in the Dy moment.
We attribute this reduction to the crystal field effects. Detailed calcula-
tions of crystal field effects are underway and the results will be presented

elsewhere.
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FIGURE CAPTIUNS

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Magnetic moment per formula unit for RCu3Bz (R=Gd, Dy) compounds

versus applied field at 5 K.

Magnetic moment per formula unit for RCo3B, (R=Gd, Dy) compounds

versus temperature in 5 kOe applied field.

1556d Myssbauer spectrum in GdCo3B; at 4.2 K. The solid line is a

fit to the spectrﬁm.

161Dy Md'ssbauer spectrum in DyCo3Bz st (a) 30 K and at (b) 4.2 K.

The solid lines are fit to the spectra.



Table 1
Gd(?o;Bz [)yCo;B2
a( B) 5.065 3.005
c(d 5.060 3.023
T (K) _ 56 20.6
Moment/f.u. (ug) 6.4 | 7.6
eq (MHz) -1008 + 80 . 727 + 80

H(R) (kOe) 129 + 20 4588 + 100
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