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‡Institute for Problems of Materials Science, Academy of Sciences of Ukraine,
UA-252680 Kiev, Ukraine

Received 6 December 2005, in final form 19 December 2005, accepted 30 December 2005

We present results of electrical resistivity measurements on HoB12, ErB12 and TmB12 single
crystalline samples in the temperature range of 1.6 - 30 K and in magnetic field up to 6 T. From
the received data, B vs. T phase diagrams of all samples were created. Spin wave scattering
of conduction electrons in the antiferromagnetic phase and the scattering of electrons in the
paramagnetic phase are analysed and discussed.

PACS: 02.50.+s, 05.60.+w, 72.15.-v

1 Introduction

Rare earth (RE) dodecaborides (REB12) crystallize in the NaCl-based fcc structure, in which the
Na+ ions are replaced by RE ions and the Cl− ions by B12 cubooctahedra. The links within
B12 clusters and between cubooctahedra are determined by strong covalent bonds, which are re-
sponsible for the rigidity and high melting temperatures of these compounds. Theoretical studies
of the electronic structure of REB12 compounds indicate that two valence electrons of each RE
atom compensate the electronic deficiency of the boron sublattice generating an ionic bonding
between RE atoms and B12 clusters. According to this model, dodecaborides with divalent RE
ions are semiconductors, while dodecaborides with trivalent RE ions (e.g., Lu, Dy, Ho, Er and
Tm) are metals with one electron per RE atom in the conduction band [1–4].

Rare earth dodecaborides exhibit a variety of physical properties which result predominantly
from the 4f shell occupancy of their RE ions. Thus LuB12 is diamagnetic and becomes supercon-
ducting below 0.4 K, YbB12 is an intermediate valence system showing features of van Vleck
paramagnetism, and DyB12, HoB12, ErB12 and TmB12 are metals which order antiferromagnet-
ically at low temperatures, with TN = 16.5 K for DyB12, TN = 7.5 K for HoB12, TN = 6.7 K
for ErB12 and TN = 3.4 K for TmB12 [4]. These magnetic dodecaborides present very complex
magnetic systems. Recent magnetisation and specific heat measurements of HoB12 in magnetic
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2E-mail address: priputen@saske.sk

0323-0465/06 c© Institute of Physics, SAS, Bratislava, Slovakia 157



158 P. Priputen et al.

field up to 8 T [1] suggest three magnetic phases in the B vs. T magnetic phase diagram. Neu-
tron diffraction measurements of powder samples in zero magnetic field exhibit basic reflections
(1/2±δ, 1/2±δ, 1/2±δ), where δ=0.035, which reveal an incommensurate amplitude-modulated
magnetic structure below TN . The magnetic behaviour and magnetic phase diagram of this com-
pound can arise from the interplay between the RKKY and dipole-dipole interaction. Moreover,
also frustration effects due to the fcc symmetry of the dodecaborides lattice can play a significant
role [1].

The aim of this paper is to present results of electrical resistivity measurements on HoB12,
ErB12 and TmB12 in the temperature range of 1.6 - 30 K and in magnetic field up to 6 T, their
phase diagrams resulting from ρ(T) measurements and to analyse the scattering mechanism be-
low and above TN .

2 Experimental details

The investigated compounds were grown by the floating zone method. This method comprises [5]
the synthesis of dodecaborides by borothermic reduction of RE oxides in vacuum at 1800 - 2000
K, the compacting of the received powders by slip casting into rods, the sintering in vacuum at
2000 K and the process of inductive zone melting. All samples were grown in a single crystal
form. The residual resistivity ratios R300K /R1.6K were about 22, 58 and 25 for HoB12, ErB12

and TmB12, respectively.
Electrical resistance measurements were done in a 4He flow cryostat using a standard d.c.

four probe method. As current source a Keithley 220 instrument was used. The sample voltage
was measured with a Keithley 181 nanovoltmeter. As thermometer a commercially calibrated
Lake Shore CERNOX sensor with very small magnetoresistance was used.

3 Results and discussion

Temperature dependences of the electrical resistivity of HoB12, ErB12 and TmB12 in various
magnetic field are shown in Fig. 1. The antiferromagnetic transitions are observed as sudden
changes in the courses of the temperature dependences of resistivities. From the numerical
derivative of electrical resistivities with respect to temperature at constant magnetic field and
the numerical derivative of electrical resistivities with respect to magnetic field at constant tem-
perature the magnetic phase diagrams of HoB12, ErB12 and TmB12 were constructed. These
diagrams are plotted in Fig. 2. As can be seen from this figure, all diagrams consist of three
phases. The phase diagram of HoB12 corresponds well with those recently obtained from mag-
netisation and specific heat measurements [1]. According to ref. [6], the temperature dependence
of electrical resistivity in the antiferromagnetic state can be described by equation

ρ(T ) = ρ0 + CT xe

“

− ∆E

kB T

”

, (1)

where ρ0 is the residual resistivity, C a parameter, x an exponent and ∆E the spin wave activation
energy usually connected with the anisotropy of the magnetic structure. The entire second term
represents the scattering of electrons by spin waves.

The analysis of experimental data in the ordered state was done only for HoB12 and ErB12.
The evaluation of TmB12 was not possible as the Néel temperature of TmB12 is very low. In this
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Fig. 1. Temperature dependences of the electrical
resistivity of HoB12 , ErB12 and TmB12 in different
magnetic fields.

Fig. 2. Magnetic phase diagrams of HoB12, ErB12

and TmB12.



160 P. Priputen et al.

case measurements at lowest temperatures are needed. Using eq. (1), for all exponents from the
range 2≤x≤4 the calculated spin wave activation energy values ∆E of HoB12 and ErB12 were
for all magnetic fields much lower then the available thermal energy kBT. From this follows that
in both compounds no energy gap in the spin wave spectrum can be seen in the temperature range
of 1.6 - 4.2 K. In this case eq. (1) can be replaced by the relation

ρ(T ) = ρ0 + CT x. (2)

The best fits of the experimental data using eq. (2) were received with x ≈ 2, both for HoB12

and for ErB12. The parameter C did not depend on applied magnetic field. On the other hand,
the residual resistivity of HoB12 and ErB12 grows with increasing magnetic field.

Above TN the electrical resistivity is determined by scattering of electrons on impurities
and imperfections (residual resistivity), by scattering on phonons, and by scattering on localized
magnetic moments of RE ions (spin-disorder resistivity). Based on these scattering processes [6],
a temperature independent behaviour or an increase of ρ(T) with increasing temperature is ex-
pected. However, for magnetic fields below 3 T and for temperatures below specific temperatures
(these are 20 K for HoB12, 18 K for ErB12 and 13 K for TmB12) the electrical resistivity exhibits
an opposite dependence. The origin of this dependence is not yet known. A significant role
in this behaviour can play crystal electric field effects or short-range magnetic correlations in
spin-disorder scattering of conduction electrons.

4 Conclusion

We conclude that HoB12, ErB12 and TmB12 exhibit complex magnetic phase diagrams with
three magnetic phases below TN . The phase diagram of HoB12 corresponds with those recently
obtained from magnetisation and specific heat measurements. The resistivity of all samples above
TN exhibits unexpected behaviour, the origin of which is not yet clear. To shed more light on
this problem, electrical resistivity measurements at lower temperatures and in higher magnetic
field are needed.
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