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ABSTRACT

Perturbed gamma-gamma angular correlation (PAC) spectrsocopy has been used to measure the magnetic
hyperfine field (Byy) at rare-earth sites in the antiferromagnetic isostructural compounds PrRh,Si, and GdRh,Si,
using **°La—**°Ce as probe nuclei. The PAC measurements were performed in the temperature range from 10 K
to 70 K in the case of PrRh,Si, and from 10 K to 105 K in the case of GdRh,Si,. While the temperature
dependence of By for PrRh,Si, follows a standard behavior expected for a second order magnetic transition, the
temperature dependence of By in the case of GARh,Si, is anomalous. The values of hyperfine field (By) at 10
K, determined from the present measurements are 129.5(5) T and 25.6(4) T respectively for PrRh,Si, and
GdRh,Si,. The large difference in the hyperfine field values is explained by the difference in the mechanism for
the formation of magnetic moments in the two compounds. The Neél temperatures (Ty) were determined to be
70.6(3) K and 106 (2) K respectively for PrRh,Si, and GdRh,Si, in good agreement with values found in the
literature.

1. INTRODUCTION

The investigation of the behavior of the Ce ions embedded in a magnetic environment allows
us to study interesting physical phenomena and helps us to understand the condensed matter
physics as well. In particular, such studies provide important information concerning the
physics of strongly correlated systems. These phenomena are attributed to the behavior of the
4f electron of cerium, which density of energy is located near the Fermi level when compared
with other lanthanides. Therefore, the Ce ion is very sensitive to the chemical environment,
in particular, the magnetic environment. In this paper we study the behavior of the Ce using
hyperfine interactions techniques. The hyperfine interactions result from the interaction
between the nuclear moments with extra-nuclear electromagnetic fields, and as such they are
important in the study the electronic properties of the materials. Among the hyperfine
interaction techniques are Madssbauer Spectroscopy (MS), nuclear magnetic resonance
(NMR) and Perturbed Angular spectroscopy (PAC). Only PAC technique used in the present
work allows us to study the behavior of the Ce ion using the **°La- *°Ce probe nuclei. The
radioactive parent nuclei **°La were introduced in the magnetic compounds PrRh,Si, and
GdRh,Si; as highly diluted impurities partially substituting Pr and Gd atoms.

The compounds PrRh,Si, and GdRh,Si, crystallize in the prototype structure of ThCr,Si,
with 14/mmm space group. The magnetic properties of PrRh,Si, have been studied by neutron
diffraction, magnetization and resistivity measurements on polycrystalline samples [1]. These
studies show an antiferromagnetic ordering for the compound with Neél temperature Ty



~70K. On the other hand, GdRh,Si,compound is characterized by Tn~106 K, which
decreases when an external pressure is applied [2]. Earlier studies have shown that in
PrRh,Si, the spin moments are aligned in the c-axis due to the high uniaxial anisotropy [3]
whereas the spins moments of GdRh,Si, are parallel to the ab-plane [4].

2. EXPERIMENTAL

The samples of PrRh,Si, and GdRh,Si, were prepared by arc melting the constituent metals
Gd(Pr) (99.9%), Rh (99.98%) and Si (99.9999%) in stoichiometric amounts, in the argon
atmosphere purified with hot titanium getter followed by annealing in vacuum at 900°C
during 5 days. The samples were analyzed by X-ray diffraction. The radioactive parent nuclei
140) 3, obtained by the neutron irradiation of metallic La in the IEA-R1 reactor of IPEN, were
introduced as highly dilute impurities (<0.1%) into the compounds during arc melting
process. PAC measurements were carried out with a conventional fast-slow coincidence set-
up using four conical BaF, detectors at the Hyperfine Interaction Laboratory at IPEN. Details
about the PAC technique and experimental methodology can be found in the ref.5. Since the
intermediate level in **°Ce at 2083 keV with J™ = 4* used in the PAC measurement has a very
small quadrupole moment, only the magnetic hyperfine interaction is observed with this
probe even in samples with non cubic crystalline structure as is the case of PrRh,Si, and
GdRh,Si, compounds which have tetragonal crystal structure.

3. RESULT AND DISCUSSION

The results of the X-ray diffraction shown in Fig. 1 were analyzed by using the Rietveld
method and they have confirmed the presence of single phase in both compounds
corresponding to the ThCr,Si, structure with lattice parameters of a = 4.0746 A, ¢ = 10,1457
A for PrRh,Si, Aand a=4.0406 A, c = 9,9800 A for GdRh,Sis.
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Figure 1: X-ray diffraction pattern for PrRh,Si, and GdRh,Si, samples. The solid line
represents the calculated pattern with the Rietveld method. The residuals are shown in
the lower part of each curve
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PAC spectra measured below magnetic transition temperature were fitted using a model that
included only magnetic dipole interactions, from which the Larmor frequency (®.) was
determined. The experimental data were therefore least-squares fitted to the theoretical
function Ga,(t) = 0.2[1 + 2cos (2w.t) + 2cos (2w t)] [5]. Some of the measured PAC spectra
are shown in Fig. 2.
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Figure 2: PAC spectra for studied intermetallic compounds (a) GdRh,Si, and (b)
PrRh,Si, measured with *°Ce at indicated temperatures. Solid lines are least-squares
fits of the theoretical perturbation functions to the experimental data.

The temperature variation of the hyperfine field obtained from the PAC spectra for the
samples are showed in Fig.3. The results permitted the determination of Neél temperatures
for PrRh,Si, and GdRh,Si, as 70.6(3) K and 106(2) K respectively. These results are in
agreement with the literature values.
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Figure 3: (a) Temperature dependence of the magnetic hyperfine field at **°Ce probe in
GdhaSlz and PI’haSiz.

At 10 K (near magnetization saturation) a high value of By = 129.5(5) T was observed at
1%9Ce in PrRh,Si,, when compared to By = 25.6(4) T for GdRh,Si,. This high value of By
suggests that the main contribution to Byt in PrRh,Si, comes from the orbital component of
the Ce impurity, which would be larger than other components which contribute to the
hyperfine field (dipolar field and Fermi contact field). However, this value is much smaller
than that calculated for the free Ce ion (Bns = 180(5) T). This difference is due to the
crystalline field which directly affects the orbital component of By [6]. The temperature
dependence of By at **°Ce in PrRh,Si, shows that the main component is polarized by the
molecular field of the host and for this reason the behavior of hyperfine field follows the
Brillouin function. On the other hand, the value of By for GdRh,Si; is found to be five times
smaller than By for PrRh,Si;, and shows anomalous temperature behavior. A similar
behavior has been observed for Ce in metallic Gd. This behavior was studied by Leal and
Troper [7] using an extension of the Daniel-Fridel model and the results of the performed
calculations of Bysat **°Ce in Gd yielded the value of -53.7 T at T = 0 K. This value agrees
very well with the value of 54 T measured by Thiel et al. [8] at 4.2 K. From these calculations
the valence was estimated to be 3.25 instead of 3" for the Ce ions as impurity in Gd. As the
Bir is even smaller in GdRh,Si; it is possible to suppose that the valence of Ce ions is greater
than in the case of free ion Ce (3+).

4. CONCLUSIONS

The present results show that the investigation of the magnetic hyperfine behavior through
PAC spectroscopy with **°Ce is as probe nuclei is an important tool to characterize phase
transitions in magnetic system containing rare earth atoms. In the present experiment
antiferromagnetic transition temperatures were determined for PrRh,Si, and in GdRh,Si; that
are in good agreement with the literature values. We conclude that the 4f electron of Ce is
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well located at Ce probe ions in PrRh,Si, but in the case of GdRh,Si,; Ce shows an
intermediate valence.
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