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Abstract. For the past few years, intermetallic systems with the formula RCo3, where R is a rare
earth, have attracted the attention of the magnetism community. In these systems, the magnetism
associated to the Co ions presents a magnetic instability which gives rise to metamagnetic phase
transitions observed as a change on the Co magnetic moment for some critical values of the molecular
field acting on this sublattice. A number of publications about these systems is concerned with basic
magnetic measurements and 59Co NMR in compounds such as Y1−xRxCo3, where R = Gd, Nd, Er.
The Co ions are distributed among three crystal sites with different symmetries, one of these sites
being further split into two magnetic sites, a fact in itself that considerably complicates the NMR
spectra. Besides, as we have observed, the linewidths and even the number of lines appearing on
the NMR spectra are strongly dependent on some NMR features, such as the radiofrequency power
applied to the sample. Adding to this fact, these magnetic peculiarities depend on the compounds
stoichiometry; therefore it is no surprise to find conflicting results in the literature. In the present
paper a review of the NMR published data will be made, including some new results of our own.
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1. Introduction

The RCo3 intermetallic compounds exhibit a d-band structure formed from the
hybridization of the 3d electrons from cobalt with the 4d and 5d electrons from the
rare earth. The characteristics of the band structure of these compounds can result
in a magnetic instability of the itinerant subsystem [1]. The condition to undergo a
metamagnetic transition is believed to be related to the value of the density of state
(DOS) at the Fermi level [2].

The RCo3 compounds have the PuNi3-type structure and belong to the R3m
space group. There are three different crystallographic Co sites, labeled: 3b, 6c and
18h, with 6, 3 and 5 R ions neighbors, respectively [3]. Buschow states that in the
case where a magnetization component exists perpendicular to the c-axis, the 18h
site is magnetically further divided into the 18h1 and 18h2 sites [4].

� Corresponding author.



144 M. S. REIS ET AL.

Figure 1. Co Gd magnetic moment scheme versus Gd concentration x.

In the rhombohedral structure, the R ions are located at two crystallographic
sites 3a and 6c. Whereas the local symmetry of the 3a site is hexagonal, as in the
RCo5 structure, the 6c site exhibits the same point symmetry of the R site in a
cubic RCo2 Laves-phase [4]. The 3b, 6c and 18h Co sites are populated in the ratio
1 : 2 : 6, respectively, whereas the 3a and 6c R sites have a population ratio [3, 4]
of 1 : 2. The unit cell contains 9 formula units of RCo3 [5].

Magnetization studies in YCo3 showed that this compound is a ferromagnet
with a Curie temperature close to 305 K [3]. In ultrahigh magnetic fields (up
to 110 T) it exhibits two successive metamagnetic transitions, going from a low
magnetic state (LMS) to an intermediate magnetic state (IMS) at 60 T, and then to
a strong magnetic state (SMS) at 82 T. Through these transitions, the Co magnetic
moment MCo changes by 0.48µB/F.U. and 1.05µB/F.U. in the first and second tran-
sitions, respectively [2]. GdCo3, in turn, is a ferrimagnet whose Curie temperature
is close to 612 K [6].

The molecular field exerted on the Co subsystem in the Y1−xGdxCo3 com-
pounds due to the Gd sublattice is proportional to the Gd concentration x. The
system at 4.2 K goes from a LMS in YCo3, where MCo = 2.0µB/F.U., to SMS in
GdCo3, where MCo = 3.7µB/F.U., passing through an IMS in the concentration
range 0.1 � x � 0.25 with MCo = 2.2µB/F.U. With the further increasing of
the Gd concentration, the total magnetic moment of the system vanishes at the
compensation concentration xcomp ≈ 0.52, where MCo has the same magnitude
as MGd [1]. Figure 1 exhibits schematically the behavior of Gd and Co magnetic
moments through the series.
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In the present paper a survey of the 59Co NMR data, in RCo3 compounds, is
made with the emphasis on the discrepancies in the literature and possible reasons
for them. We also include results of our measurements.

2. Literature review

Figiel et al. [7] measured the 59Co NMR in the YCo3 compound at 4.2 K and found
broad and overlapping resonance lines at 43, 96 and 140 MHz.

Yoshie [8] measured the same compound at 77 K, and found one single reso-
nance line at 45 MHz. He described the hyperfine field in terms the polarization of
the s-conduction electrons.

Later, Yoshie et al. [3] repeated the YCo3 experiment, this time at 4.2 K under
external magnetic field, and found three peaks in the 59Co NMR spectra, which
they attributed to magnetic domains. They labeled these peaks from the comparison
between the intensity ratios of the NMR signals and the population ratios in each
site. They found the 59Co hyperfine field as: +35 kOe (3b), +61 kOe (6c) and
−42 kOe (18h). They expected the magnetic moments of Co atoms at the 6c site to
favor an alignment along the c-axis, whereas those in the 18h site favored the basal
plane.

Fontes et al. [9] measured the 59Co NMR spectra and spin-spin relaxation in
YCo3. They obtained NMR peaks at 43 MHz (18h) and 48 MHz, where the higher
frequency peak was observed for low rf power, and therefore attributed to nuclei in
domain walls. They also observed electric quadrupolar oscillations at the 18h Co
site.

Yoshie and Nakamura [6] measured the NMR of Y1−xGdxCo3 at 4.2 K in the
range 0.8 � x � 1 and also observed three broad 59Co NMR peaks (also attributed
to magnetic domains), at +80 MHz (3b), −58 MHz (6c) and −80 MHz (18h) for
x = 1. This indexation was also achieved by comparing the intensity ratio of the
NMR signal with the Co population ratio in each site.

Itoh et al. [10] measured Y1−xGdxCo3 at 4.2 K in the concentration range
0 � x � 0.32 and observed three broad 59Co NMR peaks, as shown in Figure 2(a).
Those lines, at 35 MHz (3b), 42 MHz (18h) and 64 MHz (6c) for x = 0, were
attributed to magnetic domains. An increase in the 59Co hyperfine field, at the
three sites, was observed for x ∼ 0.25 (see Figure 2(b)). They also admitted that
the main magnetic properties of this system could be changed by stoichiometry
deviation.

Reis et al. [11, 12] also measured the 59Co NMR in the metamagnetic system
Y1−xGdxCo3, at 4.2 K, in the 0 � x � 1 concentration range. They were the
first authors to observe four well-resolved lines, at 44 kOe (18h2), 66 kOe (6c),
90 kOe (3b) and 94 kOe (18h1), with these values being constant through the series
(Figure 3(a)). This result was explained in terms of the statistical distribution of
Gd ions in the alloys. From the spectra for different rf power levels (Figure 3(b))
for (Y0.75Gd0.25)Co3, the authors concluded that the 18h1 and 18h2 sites present a
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Figure 2. (a) Frequency-swept 59Co spin-echo spectra in Y1−xGdxCo3 (0 � x � 0.32)
taken at 4.2 K in zero external field. (b) Hyperfine field at each Co site vs. Gd concentration.
After [10].
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Figure 3. (a) Gd concentration dependence of 59Co resonance frequency of Y1−xGdxCo3
at 4.2 K, for the four different sites at 20 dB rf power attenuation. The open circles are
estimated values of the hyperfine field. (b) 59Co zero field spin-echo NMR spectra of
Y0.75Gd0.25Co3 with 5, 15, 25 and 35 dB rf power attenuation, starting from above, at 4.2 K.
After [11, 12].
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larger magnetic anisotropy, as compared to the other sites. In addition, the spin–
spin relaxation rate exhibited a prominent peak at x ∼ 0.25, whereas the effect
was not observed in the spin–lattice relaxation rate. The splitting of the 18h Co
site, associated to the 44 and 94 MHz lines, is supported by [3].

3. Discussion

From the above survey one sees that there are clear discrepancies in the 59Co
NMR data of RCo3-type compounds, in particular, (Y,Gd)Co3. The data described
above are collected in Table I, which presents YCo3 indexed resonance lines, in
conformity to the different works.

Besides the NMR position lines discrepancy, disagreement on the line assign-
ment was also found. Whereas for Reis et al. [11, 12] the 3b Co site creates a
resonance line near 90 MHz, for Itoh et al. [10] and Yoshie et al. [3] the same
site is assigned to the resonance frequency close to 35 MHz. In other words: the
essential discrepancies in the literature are associated with the NMR lines by their
(a) position, and (b) assignment.

The magnetic properties of RCo3 compounds are extremely sensitive to the
stoichiometry upon alloying. As will be shown, minor deviations from the ideal
stoichiometry are sufficient to change significantly the basic magnetic properties
of these compounds. Therefore, a study of the YCo3+δ series can help to establish
an ideal δ-range, in order to produce pure PuNi3-type structures.

From the X-ray measurements in the YCo3+δ series (−0.18 � δ � 0.24), it
is concluded that −0.16 < δ < 0.06 is the ideal range to achieve pure PuNi3-
phase. However, from the magnetization measurements as a function of an external
magnetic field M(H), Figure 4(a), it follows that −0.18 � δ � −0.06 is the
ideal stoichiometry range. Besides, magnetization measurements as a function of
temperature M(T ), Figure 4(b), lead us to another range: −0.18 � δ � −0.10.
From this, one finally arrived at the ideal stoichiometry tolerating range to produce
the RCo3-type compounds: −0.16 < δ � −0.10. Detailed discussion will be
published elsewhere.

Table I. YCo3 resonance lines (MHz), according to different authors. The index
between parenthesis describe the associated crystal site to the respective NMR line.
The columns represent the coincident literature results

Resonance frequency [MHz] (site) Ref.

YCo3 43 96 140 [7]

35(3b) 42(18h) 61(6c) [3]

43(18h) [9]

35(3b) 42(18h) 64(6c) [10]

44(18h2) 66(6c) 90(3b) 94(18h1) [11, 12]
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(a)

(b)

Figure 4. (a) Magnetization curves, taken at 5 K, for YCo3+δ (−0.18 � δ � 0.24) series.
(b) Magnetization curves, taken at low field (300 Oe), for YCo3+δ (−0.18 � δ � 0.24) series.

Figure 3(b) shows that the NMR line amplitudes in these compounds are strongly
dependent on the RF power. Adding to this fact, NMR tank circuit usually does
not present a flat response on a broad frequency range, consequently the direct
comparison between the NMR line intensities and crystal site populations must be
done with great care. Some authors have arrived at the line assignment through this
method [3, 6, 10].
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In conclusion, NMR data on the RCo3 system obtained by different authors
present some disagreements; this seems to be related to (1) stoichiometry of the
samples and (2) control of NMR parameters, such as: RF power, pulse widths,
coil frequency response, etc. Relaxation measurements appear to be more sensitive
to metamagnetic instabilities of the kind discussed in the present paper than the
hyperfine field [12].
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