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Introduction:

Rare-earth ferroborates Nd;.\HoxFe3(BOs)4 are a particular class of multiferroics. These compounds
have rhombohedral structure described by the noncentrosymmetrical trigonal space group R32 (D’3).
Nd; xHosFe3(BOs)s have complex magnetic structure, phase transitions and magnetic anisotropy.
An antiferromagnetic ordering of the Fe’” spins exists in the temperature range 38 - 30 K. The mutual
orientation of Fe’™ spins is affected by the paramagnetic subsystem of the rare-earth ions. Depending on the
anisotropy of the rare-earth ions, the exchange interaction between the R-Fe ions stabilizes either an “easy-
plane” (ab- plane) magnetic anisotropy, or an “easy-axis” (C-axis) anisotropy. In addition, HoFe3;(BOs)4 has
a spontaneous spin-reorientation transition from the “easy-plane” to “easy-axis” state at Tsg = 4.8 K [1],
while NdFes;(BO3)4 has magnetic anisotropy of “easy-plane” over temperature range [2].

We focus our experiment on NdysHog sFe;(BOs3)4 single crystal, for which the spin-reorientation and
antiferromagnetic transitions take place at ~ 10 and 32 K, respectively [3]. The complex magnetization
behavior with two spin-flop transitions at 1 and 3 T are observed. The puppose of this experiment was found
out the nature of spin-flop transitions and to clarify what kind of magnetic sublattices (Ho, Nd or Fe) are
responsible for spin-flop transitions.
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(6208, 6722 eV) absorption edges. The Ho
and Nd L;»-XANES spectra is dominated by
the contributions from the dipole transitions
E1 (2p — 5d) and quadrupolar transition E2
(2p — 4f) at the pre-edge region. The low
intensity bifurcated peak observed at the Fe
pre-edge can be assigned to 1s-3d(ty,) and 1s-
3d(ey) transitions [1]. We have seen the
XMCD signal at all measured edges, that
confirm the coexistence of three magnetic
subsystems of Fe, Ho and Nd ions. The small
magnitude of the dichroism at Fe K-edge
confirms the antifferomagnetic ordering of
Fe’® magnetic sublattices as previously
presumed from SQUID data.
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Fig. 2. Normalized Ho/Nd Lss-edges XANES/XMCD
spectra recorded at 2 K and in 5 Tesla.

Figure 3 shows the the field dependences of XMCD signals at the Fe K-edge, Nd and Ho L; - edges.
There are several notable features: i) all magnetization curves are undergoing the jump at Hye= 1 T; ii) the

magnetization curves of Fe and Ho display the
saturation at ~5 T; ii1) the magnetization curve of Nd
demonstrates the linear dependence with change of
slope above Hg; iv) there is weak observable
features at the Nd magnetization curve at ~ 0.5 T; v)
the magnetization behaviors of Fe and Ho
subsystems follow the macroscopic magnetization
curve obtained at H parallel Cs-axis (the inset to
fig. 3).

At the field of H = Hsf = 1 T the Ho
paramagnetic moment became normal to the applied
field and then gradually increase reaching the
saturation at 5 T. Under the action of the effective
field Hesr = H + Hex the magnetic moments of the
iron subsystem gains small cant toward the field
direction. The future magnetization process is
defined by the Ho® " rare-earth subsystem. As result,
the contribution from the iron subsystem to
magnetization is non-linear and demonstrates the
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Fig. 3. The element-specific magnetization curves of
Ho, Nd, and Fe at 2 K. Inset: macroscopic
magnetization curve at 2 K. Comparison against the
SQUID magnetisation measurements suggests that
the actual temperature of the sample was 2 K.

saturation at 5 T. At the low field (H < 1 T) the Ho and Nd magnetization curves demonstrate different of the
slopes indicating different strength of f-d exchange interactions with iron subsystem.

In NdysHog sFe3(BOs)4 the exchange interaction between the rare-earth ions takes place via oxygen
and boron, i.e., R-O-B-O-R and is expected to be weak. The f-d superexhange interaction between rare-earth
and iron ions through the R-O-Fe determins the magnetic properties of the system. The spin-flop transition at
1 T for all three magnetic subsystems confirms the existence of “easy-axis” anisotropy.
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