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Recently a new wave of interest in physics of RCos compounds has been boosted by reports on unusual mag-
netic short range order configurations in the heavy rare-earth RCos ferrimagnets in paramagnetic state. The newly
observed phenomenon called parimagnetism consists in a short-range antiferromagnetic coupling between small fer-
romagnetic Co clusters and the nearest rare-earth moments. This paper is devoted to results of our experimental
investigation of carefully prepared and characterized samples of TmCos, a compound on which controversial results
can be found in literature. Detailed magnetization, AC susceptibility, specific heat and electrical resistivity mea-
surements revealed two magnetic phase transitions at 4.6 and 3.6 K, respectively. The anomalies connected with
the transitions are strongly dependent on magnetic field and hydrostatic pressure. The AC susceptibility anomaly
connected with the onset of parimagnetism has been found at Ty = 35 K. Contrary to other heavy rare-earth RCo»
counterparts Ty of TmCos is entirely pressure independent.
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1. Introduction

The RCos compounds (where R denotes rare-earth el-
ement) crystallize in the cubic MgCus-type Laves phase.
The R ions occupy the diamond lattice sites whereas
the closely packed Co ions are located at the common ver-
tices of pairs of equilateral tetrahedrons forming a com-
plete network. These materials serving an example of co-
existence of magnetism of well localized 4f electrons
of rare-earth ions and strongly delocalized Co 3d elec-
trons have been a subject of numerous studies already
since the second half of the last century. The commonly
accepted scenario of physics of these compounds was
based on the band character of the Co 3d states which are
for the heavy rare earths (R = Dy, ..., Tm, Lu) appear-
ing on the verge of magnetism. The Co 3d electron mag-
netism here comes from the splitting of the spin-up and
spin-down subbands. The 3d bands are near the Stoner
criterion for band ferromagnetism. The spin-up and spin-
down bands can be split by large external magnetic field
or due to large molecular field acting by the ferromagnetic
R sublattice at temperatures below the Curie tempera-
ture Tc. Within this scenario Co 3d electrons carry no
magnetic moment in paramagnetic range (7' > T¢).

The RCoy, compounds have attracted new attention
after a novel phenomenon called parimagnetism was re-
ported for ErCos compound [1]. The parimagnetism
is based on a local anti-parallel coupling between fer-
romagnetic cobalt clusters and nearest rare-earth mag-
netic moment. The parimagnetism appears in paramag-
netic region of ferrimagnetic compounds, R € {Gd, ...,
Tm} [1, 2]. It can be detected in the temperature depen-
dence of AC magnetic susceptibility, where it appears
as a tiny peak like anomaly. X-ray magnetic circular
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dichroism (XMCD) measurements revealed that the posi-
tion of this anomaly corresponds to the flipping of cobalt
magnetization with respect to the magnetic moment of R.
The respective temperature is denoted as flipping tem-
perature T'.

We have studied TmCos compound not only as a fur-
ther step in the systematic research of the parimagnetism
in the RCoy compounds but especially because of inter-
esting properties resulting from its position at the end
of ferrimagnetic RCoy compounds. Moreover, controver-
sial results concerning behavior in the vicinity of the mag-
netic ordering temperature can be found in literature [3—
5] which may be due to varying sample quality. To clar-
ify the situation with magnetic ordering we have paid
special care to sample preparation and characterization.
The properly characterized sample was subjected to de-
tailed magnetization, AC susceptibility, specific heat and
electrical resistivity measurements.

2. Preparation

The TmCoq polycrystalline sample was prepared from
the nominal TmCo; g3 stoichiometry by arc melting,
where higher amount of the thulium should compensate
its higher evaporation. In order to improve homogene-
ity, the sample was then annealed at the temperature
of 1200 K for 10 days. The annealed sample was char-
acterized by the X-ray powder diffraction and by en-
ergy dispersive X-ray (EDX) analysis. In the diffrac-
tion pattern, there are not visible any foreign diffraction
peaks. The microprobe has shown only tiny impurities
of Tm rich phase in the majority of the TmCos phase.
We should note that despite more problematic operation
with Tm because of its higher vapor pressure, the quality
of this Tm-based sample surprisingly appears to be bet-
ter in comparison to other RCos compounds previously
prepared (with R = Er, Ho, Dy [2,6]), where there was
visible a small amount of foreign phase.
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3. Results

The annealed sample was used to perform bulk mea-
surements. There was observed an anomaly at Tc =
3.6 K in the temperature dependence of the electrical
resistivity (Fig. 1). The anomaly showed unusual in-
crease of the electric resistivity following by a rapid drop
with the decreasing temperature. In the temperature
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Fig. 1. The comparison of the observed anomalies
in bulk measurement data in the ambient pressure (re-
sistivity, heat capacity, magnetization and AC magnetic
susceptibility).

dependence of the specific heat (Fig. 1) we observed
at 3.6 K a sharp peak which is accompanied by a side
maximum at T = 4.6 K. Closer inspection of resistivity
data revels a shoulder around T™. Application of a mag-
netic field of 0.5 T promotes the 7™ anomaly on ac-
count of the anomaly at Tc. We have observed anomaly
at the temperature T also in the temperature depen-
dence of AC magnetic susceptibility (Fig. 1). The tem-
perature dependence of magnetization showed two steps
at the temperature regions close to the temperatures 7¢
and T*.
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We have performed measurements of the temperature
dependence of AC magnetic susceptibility under hydro-
static pressure up to 3 GPa. At the temperatures around
Tc and T™ we have observed the splitting of the peak ob-
served at the ambient pressure into the two anomalies
(Fig. 2). The anomaly at the lower temperature (7¢)
showed slight decrease in the temperature with the in-
creasing external pressure. On the other hand, the second
anomaly (7*) remains unchanged in the position with
the pressure.

At higher temperatures we have observed another AC
susceptibility anomaly at 35 K (Fig. 3), which is appear-
ing namely under the application of hydrostatic pressure,
which should correspond to flipping temperature 7.
In Fig. 3 there is shown contribution to the AC magnetic
susceptibility after subtracting a Curie-Weiss law from
the measured susceptibility data. The anomaly remains
pinned at 35 K irrespective to the applied pressure.

4. Discussion

The anomaly observed at low temperatures (Fig. 1)
corresponds well to the anomalies present in the data
of other bulk measurements (resistivity, specific heat).
From the strong peak in specific heat data corresponding
to the Curie temperature of TmCos, sharpness of the step
in the resistivity data and saturation of magnetization be-
low this temperature, we assume this temperature Curie,
corresponding being of first order magnetic phase tran-
sition (FOMPT). The origin of the second anomaly de-
noted by the temperature T* is unknown at the moment,
and it is a subject of further studies. In the comparison
with the literature we see that the position of the ob-
served anomalies denoted T and T* disagree with some
published data [3-5]. Also among these papers there ex-
ist discrepancies in the position of Curie temperature
and of the other observed anomalies [3, 4]. We sup-
pose that these discrepancies come from different quality
of the measured samples. Based on the characterization
of our sample by XRD and EDX, we trust in a good
quality of our sample — showing better purity in com-
parison with our samples from the RCoy family, showing
more consistent results with literature [2, 6, 7]. The po-
sition of anomaly denoted by T is in the agreement with
the position of flipping temperature published in [7] ob-
tained from the XMCD measurement.

5. Conclusions

We have observed the first order phase magnetic phase
transition of TmCoy at T = 3.6 K. Close to this tem-
perature we have observed another anomaly at T =
4.6 K, whose origin is unknown at the moment. Al-
though there is a discrepancy with some literature data,
we trust in a better quality of our sample, based on re-
sults of our careful sample characterization. With respect
to these findings, growing of a good quality single crys-
tal and its proper characterization is strongly deserved.

Beside this we observed signs of the parimagnetic be-
havior in the AC susceptibility data at the temperature
Ty = 35 K. The temperatures of the observed anomalies
were found almost independent on external pressure.
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