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Detailed studies of magnetoresistance, magnetization and heat capacity have been carried out at helium
temperatures for single-domain crystals of antiferromagnetic (AF) metal Tm0.96Yb0.04B12 with dynamic charge
stripes and Yb valence instability. The results allowed us to construct the angular H–ϕ–T magnetic phase diagram
in the form of a “Maltese cross”. It was shown that the dramatic symmetry lowering in the AF ground state of
this dodecaboride with fcc crystal structure could be attributed to the spin density redistribution of conduction
electrons from the RKKY oscillations to dynamic charge stripes, which modify significantly the indirect exchange
interaction between magnetic moments of Tm3+ ions, and result in appearance of a number of various magnetic
phases and phase transitions. Doping with Yb strongly suppresses the AF long-range order which works upon
the AF-paramagnet phase boundaries.
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1. Introduction

Dynamics, or, fluctuating charge and spin stripes at-
tract extraordinary scientific interest due to their pos-
sible role in high temperature superconductivity [1, 2].
Phase singularities accompanied by lowered lattice sym-
metry were detected in a number of cuprates including
La2−xBaxCuO4 and YBa2Cu3O7−δ [3, 4]. This kind of
electronic instability is also suggested to be extremely
important for an understanding of the physics of colossal
magnetoresistive manganites, nickelates, iron-based su-
perconductors [1–5], etc. Very recently, dynamic charge
stripes have been detected in non-magnetic dodecaboride
LuB12, while their origin was explained in terms of
the cooperative dynamic Jahn-Teller (JT) effect in boron
B12 cubooctahedra, in which a kind of electron insta-
bility appears along the principal crystallographic direc-
tion [110] [6]. In [7], however, it has been discovered
the formation of dynamic charge stripes within the semi-
conducting matrix of Tm0.19Yb0.81B12. The charge dy-
namics in these conducting nanometer channels was char-
acterized by broad-band optical spectroscopy that al-
lowed estimating the frequency (∼ 2.4×1011 Hz) of quan-
tum motion of the charge carriers. Moreover, because
of Yb valence instability the direction of the nanosize
filamentary structure becomes different from 〈110〉 [7].
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Taking into account that Tm1−xYbxB12 with x < 0.2
are antiferromagnetic metals it looks promising to inves-
tigate the effect of the stripes on the magnetic phase di-
agram and charge carriers scattering in these strongly
correlated electron systems. Therefore, in order to shed
more light on the origin of both various regimes of carrier
scattering and numerous magnetic phases in AF met-
als with dynamic charge stripes, we present here a de-
tailed study of magnetoresistance ∆ρ/ρ in combination
with heat capacity, and magnetization measurements of
Tm0.96Yb0.04B12.

2. Experimental details

The high quality single-domain crystals of
Tm0.96Yb0.04B12 (TN ≈ 2.6 K) were grown by ver-
tical crucible-free inductive floating zone melting in an
inert gas atmosphere. The quality of these crystals was
controlled by X-ray diffraction, Laue backscattering-
patterns, and electron microprobe analysis. Resistivity
was measured by standard DC four-probe technique
with the orientation of measuring current I ‖ [110].
Magnetoresistance was studied at liquid helium tem-
peratures 1.8–4.2 K in magnetic fields up to 80 kOe.
In the experiment with sample rotation the direction of
external magnetic field H was varied in the range of
angles ϕ = 0–90◦ (where ϕ = H∧n, and n ‖ 〈110〉 is
the normal vector to the sample surface). Heat capacity
and magnetization measurements have been performed
using PPMS and MPMS (Quantum Design).
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3. Results and discussion

Figure 1 shows the temperature dependencies of resis-
tivity and heat capacity in zero field and magnetic suscep-
tibility in low magnetic field (H = 100 Oe, H ‖ [100]) of
Tm0.96Yb0.04B12 antiferromagnetic metal with Néel tem-
perature TN ≈ 2.6 K in a wide temperature region includ-
ing the antiferromagnet (AF) – paramagnet (P) phase
transition. It is worth noting the sharp step-like anomaly
of heat capacity and the resistivity kink which are accom-
panied by the presence of maximum of the susceptibility
near TN.

Figure 2a–c shows magnetic field dependencies of sus-
ceptibility dM/dH = f(H) of Tm0.96Lu0.04B12 at var-
ious temperatures in the range 1.9–2.6 K, in magnetic
fields up to 50 kOe aligned along three principal di-
rections in the cubic lattice: H ‖ [100], H ‖ [011],
and H ‖ [111].

As can be seen from Fig. 2a–c, additionally to the step-
like anomaly near HN (AF-P transition) the suscepti-
bility shows several peaks at HM (one for H ‖ [100]
and H ‖ [111], and two for H ‖ [011]) which corre-
spond to orientation magnetic phase transitions inside
the AF state. The results of magnetic measurements
allow us to construct the magnetic phase diagrams for
H ‖ [100], H ‖ [011] and H ‖ [111] (see Fig. 2d–f). It is
easy to see that the AF-P phase boundary is strongly
anisotropic. Indeed, the Néel field HN ≈ 39–40 kOe de-
tected at T = 1.9 K for H ‖ [011] and H ‖ [111] is
essentially smaller than the value HN ≈ 48 kOe observed
in direction H ‖ [100] (Fig. 2d–f). On the contrary,
the anisotropy found inside the AF state is quite differ-
ent. The location of orientation phase transitions at HM

coincides for H ‖ [100] and H ‖ [111], but it differs
strongly from these values for H ‖ [011], where two

Fig. 1. Temperature dependencies of resistivity
(H = 0), specific heat (H = 0), and susceptibility
(H = 100 Oe, H ‖ [100]) for Tm0.96Yb0.04B12.

Fig. 2. (a)–(c) Field dependencies of magnetic suscep-
tibility dM/dH = f(H) of Tm0.96Yb0.04B12 at various
temperatures in the range 1.9–2.6 K in magnetic fields
up to 50 kOe for (a) H ‖ [100], (b) H ‖ [011], and (c)
H ‖ [111]. Arrows and symbols HN and HM1,2 indi-
cate the magnetic phase transitions (see text). (d)–(f)
H–T magnetic phase diagram of Tm0.96Yb0.04B12 for
H ‖ [100], H ‖ [011] and H ‖ [111]. The phase bound-
aries are derived from magnetoresistance, heat capacity,
and magnetization data (see symbols for details). Ro-
man numerals denote various phases within the AF state
and P-paramagnetic phase.

phase transitions at HM1 and HM2 are observed and
both of them are located at markedly higher magnetic
fields (Fig. 2e). In order to construct the H–ϕ phase di-
agram at T = 2 K we have measured the magnetic field
dependencies of magnetoresistance ∆ρ/ρ(H,ϕ0) for sev-
eral fixed ϕ0 values in the range of angles ϕ = 0–90◦

between H ‖ [100] (ϕ0 = 0), and H ‖ [011] (ϕ0 = 90◦)
(see Fig. 3).

It is seen in Fig. 3 that negative magnetoresis-
tance dominates in Tm0.96Yb0.04B12 and the features
on ∆ρ/ρ(H,ϕ0) curves are observed for three princi-
pal directions at the same positions HM and HN, as it
was detected in magnetic measurements (Fig. 2). Apart
from H ‖ [100] direction, additional anomaly appears
at HM3 slightly below HN, and it shifts to low mag-
netic fields when ϕ increases in the range 0–37◦. More-
over, in the sector ϕ = 70–90◦ we indicate strong changes
on ∆ρ/ρ(H,ϕ0) curves which should be attributed to
a dramatic variation of the phase boundaries in the AF
state. Measurement in the full circle range ϕ =0–360◦
consistently reproduces data shown in Fig. 3. Figure 4
shows a color map polar plot of magnetoresistance and,
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Fig. 3. Field dependencies of magnetoresistance at
T = 2 K for various directions of magnetic field between
H ‖ [100] (ϕ0 = 0) and H ‖ [011] (ϕ0 = 90◦).

Fig. 4. Magnetoresistance field and angular dependen-
cies at T = 2 K in the (1-10) plane (the rotation axis
aligned along I ‖ [11̄0] is directed perpendicular). The
phase boundaries of the H-ϕ magnetic phase diagram
are derived from the magnetoresistance measurements.
Roman numerals are the same as in Fig. 2 and denote
various phases within the AF state.

simultaneously, H–ϕ phase diagram at T = 2 K in
the (1-10) plane. It is easy to see that the transverse
MR of the single-domain Tm0.96Yb0.04B12 crystal with
I ‖ [110] that this compound has in polar plots an
anisotropic phase diagram in the form of a Maltese cross
with lobes, which are arranged along (H ‖ [110]) and
transverse (H ‖ [001]) to the dynamic charge stripes
observed previously in Tm1−xYbxB12 [7]. At the same
time both the strong anisotropy of AF–P phase bound-
ary and essential changes in the shape of the lobes in
comparison with Ho0.8Lu0.2B12 [8] allow us to conclude
about an essential role of Yb charge fluctuations (Yb va-
lence ν(Yb)≈ 2.95 [9]) on the depression of AF state
in Tm0.96Yb0.04B12.

4. Conclusions

A strongly correlated electron system Tm0.96Yb0.04B12

with fcc lattice instability (cooperative dynamic
JT effect), nanometer-size electronic phase separation
(dynamic charge stripes) and Yb valence instability has
been studied in detail by low temperature magnetoresis-
tance, magnetization, and heat capacity measurements.
An angular H–ϕ–T0 antiferromagnetic phase diagram
in the form of a Maltese cross has been deduced for
this AF metal for the first time. We argue that the ob-
served dramatic symmetry lowering is a consequence of
strong renormalization of the indirect exchange inter-
action (RKKY mechanism) due to the presence of dy-
namic charge stripes in the matrix of AF metal. We pro-
pose also essential role of electron density fluctuations
on Yb-sites on both the depression of AF state and
changes in orientation of stripes in Tm1−xYbxB12 an-
tiferromagnets, which are similar to those ones observed
in the paramagnetic Tm0.19Yb0.81B12 [7].
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