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We report the microscopic evidence for magnetic and structural phase transitions in
multiferroic spinel FeV2 O4 from the hyperfine magnetic interaction. FeV2 O4 sample shows three different crystal structures with the phase transitions from tetragonal
to orthorhombic structure around 70 K, from orthorhombic to tetragonal structure
around 109 K, and from tetragonal to cubic structure around 140 K. Mössbauer
spectra of FeV2 O4 , obtained at various temperatures, were analyzed with severely
distorted 8-line below T C, and doublet at T C . Also, the Mössbauer spectra change
from doublet to singlet around T JT  140 K due to the reduction of Jahn-Teller
effect. The value of electric quadrupole splitting (∆EQ ) is 3.05 mm/s at 4.2 K,
indicating the noncollinear spin structure with strong polarization from the gap
energy of 5 T 2g band, ∆1  0. Whereas, there is collinear spin structure between
T S  70 K < T < T C  109 K, since ∆1 in this temperature range increases from
the value when T < T S due to the non-degenerate energy state with commensuration
in the collinear state. Also, we have found that large polar angle θ for T < T S suggests the spin of the Fe2+ cations aligns along c-axis with the distortion in the a-b
plane, while the small azimuthal angle θ suggest the direction of the spin is within
ab-plane for T S < T < T C . © 2017 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). [http://dx.doi.org/10.1063/1.4977549]

I. INTRODUCTION

Vanadium spinels AV2 O4 (A = Fe, Zn, Mn, Co) have attracted much attention due to the presence of quantum mechanical phenomena, such as short-range orbital order, structure phase transition,
spin-glass, and spin frustration from the interaction between electromagnetism and lattice structure.1–13 Interestingly, these unique properties of the spinel materials are most affected by the degrees
of freedom of local electronic states, depending on the temperature and magnetic field.1 Among
the materials with interesting phenomena, recent investigations have shown that multiferroic spinel
FeV2 O4 exhibits three crystal structural transitions from tetragonal to orthorhombic structure around
70 K,11,14,15 from orthorhombic to tetragonal structure around 110 K,12–15 and from tetragonal to
cubic structure around 140 K.12,14,15 These structural transitions depend on the change in the total
saturated magnetic moment from spin canting due to the spin-orbital interaction at Fe2+ and V3+
sites. Here, FeV2 O4 shows the noncollinear spin structure with strong polarization when T < T S
 70 K, whereas there is ferromagnetic collinear spin structure between T S < T < T C . However,
it undergoes a ferromagnetic (collinear spin structure) to paramagnetic (noncollinear spin structure)
transition above T C  110 K.13,14 Interestingly, FeV2 O4 has large polarization with the total saturated magnetic moment of 2.15 µB due to the magnetic orbital-order-interaction between Fe2+ and
V3+ at T  0 K, although Fe2+ orbitals have S = 4 µB in the tetrahedral (A) sites and V3+ orbitals
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