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Field-driven magnetostructural transitions in GeCo2O4
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6European Synchrotron Radiation Facility, 71 Avenue des Martyrs, 38000 Grenoble, France

7Institut Laue Langevin, BP 156, 38042 Grenoble Cedex 9, France
(Received 23 September 2016; revised manuscript received 22 December 2016; published 24 January 2017)

In the spinel compound GeCo2O4, the Co2+ pyrochlore sublattice presents remarkable magnetic-field-induced
behaviors that we unveil through neutron and x-ray single-crystal diffraction. The Néel-ordered magnetic
phase is entered through a structural lowering of the cubic symmetry. In this phase, when a magnetic field
is applied along a 2-fold cubic direction, a spin-flop transition of one-fourth of the magnetic moments releases
the magnetic frustration and triggers magnetostructural effects. At high field, these ultimately lead to an unusual
spin reorientation associated with structural changes.
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I. INTRODUCTION

Spinel compounds with the generic formula AB2O4 crys-
tallize in the cubic space group Fd3̄m. The B sites can
accommodate a magnetic ion, in this case Co2+. They form
a pyrochlore lattice, a network of corner-sharing tetrahedra,
that is the archetype of geometrical frustration. In addition,
they combine magnetic and lattice degrees of freedom, which
confer them a magnetostructural flexibility in zero and finite
magnetic field. The interplay between magnetic frustration
and magnetoelastic coupling has been intensively studied in
spinels with, for instance, either V3+ or Cr3+ on the B site
and various ions on the A site (Hg, Mg, Cd, and Zn) [1–6].
In these systems, at the Néel temperature (TN), a transition
to an antiferromagnetic (AFM) ordering is accompanied by
a cubic to tetragonal or orthorhombic structural distortion. It
is interpreted as a 3-dimensional spin-Peierls transition acting
to reduce the frustration [1,3]. In the Cr compounds, when
applying a magnetic field, a magnetization plateau at half of
the saturation magnetization is stabilized by the spin-lattice
coupling on a wide range of fields [2,3,7,8]. Moreover, the
beginning of the plateau coincides with a structural distortion.
It corresponds to a recovery of the cubic structure as a
consequence of the release of the frustration by the magnetic
field [4,5].

Ge spinels, with Ni2+ or Co2+ on the pyrochlore lattice,
have comparable rich phase diagrams but have been less
studied because the frustration effects are not as straight-
forward, in particular not solely driven by the first-neighbor
interactions. They were both shown, by powder neutron
diffraction, to order in a magnetic structure characterized
by a propagation vector k = (1/2,1/2,1/2) and stabilized
through competing interactions beyond the third neighbors
[9,10]. The magnetic arrangement was described assuming
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a single propagation vector (single-k structure) as follows:
alternating kagome (KGM) and triangular (TRI) ferromagnetic
(FM) planes, perpendicular to the 〈111〉 direction associated
with the propagation vector, and antiferromagnetically coupled
to the nearest planes of the same kind [see Fig. 1(a)]. In
GeNi2O4, which retains the cubic structure in the magnetic
phase, both KGM and TRI sites are magnetically decoupled;
i.e., the molecular field created by the magnetization of one
type of site on the other one is zero. It leads to an independent
ordering of the two kinds of planes with distinct transition
temperatures [11–13]. This is at variance with GeCo2O4 in
which a unique magnetic transition is observed at TN = 23.5 K.
This is ascribed to a structural distortion that couples the two
sites and allows to reduce the frustration in the absence of
any external magnetic field. This distortion was proposed to
be mainly cubic-to-tetragonal from powder neutron and x-ray
diffraction [14,15].

Besides this zero-field magnetostructural behavior, a com-
plex H -T phase diagram has been observed in GeCo2O4

by magnetization, ultrasound, and electron spin resonance
measurements, evidencing several field-induced anomalies
[9,14,16–22]. Their microscopic origin was investigated by
powder neutron diffraction under magnetic field up to 10 T
[10]. A transition, observed at ≈4 T, was attributed to an
antiferromagnetic-to-ferromagnetic spin rearrangement be-
tween the triangular planes while retaining the antiferro-
magnetic arrangement between the kagome planes. The final
ferromagnetic order of the kagome planes was proposed to
occur at the second transition around H = 10 T.

We hereafter present the results of single-crystal neutron
and synchrotron x-ray diffraction under zero and finite mag-
netic fields applied along a 2-fold axis of the high-temperature
cubic structure. We show in particular that the high-field
transition, for this orientation of the field, is much more
subtle than a plain antiferromagnetic-to-ferromagnetic one.
It implies a change of the magnetic anisotropy, a switch of
the magnetostructural domains, and the stabilization of a new
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FIG. 1. AFM-ordered components of the KGM (red) and TRI (green) moments determined from low-temperature single-crystal neutron
diffraction refinements in zero field and under a magnetic field applied along the [1-10] direction (black arrow): at μ0H = 0 T for the k1

domain (one of the 3 equipopulated S domains represented) (a), at μ0H = 5.5 T for the k1 domain (b), and at μ0H = 12 T for the k3 domain
after the high-field spin reorientation (c). Note that the ferromagnetic component that develops under magnetic field at the expense of the
antiferromagnetic component is not shown. The AFM component of the TRI magnetic moments is only present in (a) since they get polarized
by the magnetic field above Hc1. From (b) to (c), the KGM planes, in which lie the AFM component of the magnetic moments, are reoriented
from (111) to (1-1-1), consistent with the change of propagation vector.

canted magnetic structure. We discuss the interplay between
magnetostructural effects and frustration in triggering these
field-induced unconventional behaviors.

II. EXPERIMENTAL DETAILS

Single crystals of GeCo2O4 with an octahedral shape
of approximately 2 mm size were synthesized by chemical
vapor transport in 0.1 atm of HCl gas. A heat treatment was
performed with a heating plateau at 950 ◦C followed by a slow
cooling at 1◦/mn.

Magnetization measurements on the oriented single crystal
were performed up to 10 T in the temperature range 2–300 K
using an extraction magnetometer. The magnetic susceptibility
data are in agreement with those published in the literature
with a Néel temperature of 23.5 K (see Supplemental Material
[23]).

Single-crystal neutron diffraction was carried out at the
Institut Laue Langevin (ILL). Single-crystal diffraction in
zero magnetic field was obtained on the CEA-CRG D15
diffractometer operated in the 4-circle mode, with the sample
mounted in a displex refrigerator, and with an incident
wavelength of 1.173 Å. Measurements under magnetic field
up to 12 T were performed on the CEA-CRG D23 two-axis
diffractometer with a lifting arm detector and an incident
wavelength of 1.280 Å. The single crystal was mounted in
the cryomagnet with the [1-10] axis set vertical, parallel to
the applied field. An additional diffraction experiment using
polarized neutrons with spherical polarization analysis was
performed on the single crystal installed inside the CRYOPAD
device on the CEA-CRG IN22 spectrometer at the ILL using
a wavelength of 2.36 Å. This setup allows measuring the
three orthogonal components of the polarization vector of
the neutron beam after scattering by the sample whatever the
direction of the incident neutron beam polarization. It gives
for a reflection (Qh, Qk , Ql) a polarization matrix Pij , with
i,j = X,Y,Z (X ‖ scattering vector, Z ⊥ the scattering plane)
[24,25].

High magnetic field x-ray single-crystal diffraction experi-
ments were performed at the ID06 beamline of the European
Synchrotron Radiation Facility using a monochromatic beam
selected by a Si(111) double monochromator. Magnetic field
was provided by a 10 T split-coil superconducting magnet
[26]. A 2 × 2 × 1 mm single crystal was aligned with the
[110] and [001] axes within the horizontal plane giving access
to the (h,h,l) Bragg reflections. Magnetic field was applied
along the [1-10] direction. The measurements were performed
with E = 32 keV (λ = 0.3876 Å) and the diffracted intensities
were collected with a photodiode.

III. RESULTS

A. Magnetic structure in zero and finite magnetic fields

To analyze the single-crystal neutron diffraction results of
GeCo2O4, we first assume a cubic structure and a single-k
magnetic arrangement. Both hypotheses will be discussed later
on. We take into account the presence of several magnetic
domains that appear at the phase transition (see Fig. 2): we
consider four k domains that correspond to the symmetry-
equivalent directions of propagation of the AFM order
given by the propagation vectors k1 = (1/2,1/2,1/2), k2 =
(1/2,1/2, − 1/2), k3 = (1/2, − 1/2, − 1/2), k4 = (1/2, −
1/2,1/2). Moreover, if the magnetic moments lie in the {111}
planes, there are three S domains per k domain with moment
directions rotated by 120◦ between S domains [27].

Note that the magnetic refinements reported below are
based on the analysis of the magnetic Bragg reflections
indexed by the four propagation vectors with half-integer
indices mentioned above. Therefore, it concerns only the
antiferromagnetic component of the magnetic arrangement.
While it describes the whole magnetic structure in zero field,
it is accompanied by a rising ferromagnetic component when
a magnetic field is applied, which is not refined in the present
work.

In zero field, our refinement of the magnetic intensities
collected on D15 at T = 10 K (see Fig. 3) confirms the
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FIG. 2. Magnetic domains in cubic symmetry: the direction of the
propagation vectors is shown by red lines for the pair (k1, k2) selected
between Hdom and Hc2, and by blue lines for the other pair (k3, k4)
selected above Hc2. For each k domain, the 3 S domains are listed
in the boxes for two possible orientations of the magnetic moments,
either along the 〈110〉 direction (left) or along the 〈112〉 direction
(right). The domains in bold and the double arrows give the orientation
of the AFM component on the KGM sites for Hdom < H < Hc2 and
for H > Hc2.

antiferromagnetic structure deduced from powder neutron
diffraction [9,10]. It additionally proves that the TRI and
KGM magnetic moments lie in the plane perpendicular to
the 〈111〉 directions given by the propagation vectors. Due
to the presence of 12 domains that we found approximately
equipopulated (see Table I), the moment orientation could not
be further determined using unpolarized neutrons. Polarized
neutrons and spherical polarization analysis allowed us to
determine the relative orientation of the magnetic moments on
the TRI and KGM sites (but not their absolute direction that
was only inferred from neutron scattering under magnetic field,
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FIG. 3. Observed versus calculated intensity of the magnetic
Bragg reflections measured for the four k domains on D15 at H = 0 T
and T = 10 K. The wR2 factors give the goodness of the fit.

TABLE I. Results of the magnetic structure refinements in zero
field (D15) and under applied magnetic fields (D23). In the successive
columns are reported the value of the magnetic field in T, the k

domain population, the antiferromagnetic component of the magnetic
moments in Bohr magnetons on the KGM and TRI sites (only the
amplitude at 0 T and the magnetic moment vector components under
finite fields), and the population of the corresponding S domains,
listed as in Fig. 2.

H k domain MKGM MTRI S domain

0 k1 0.255 3.3 2.2 0.34/0.28/0.38
k2 0.257 3.2 2.3 0.35/0.34/0.31
k3 0.234 3.2 2.2 0.35/0.34/0.31
k4 0.255 3.2 2.2 0.32/0.28/0.40

5.5 k1 0.510 (1.29, 1.29, −2.59) 0 0.97/0.015/0.015
k2 0.490 (1.27, 1.27, 2.53) 0 0.94/0.06/0.0

9.4 k1 0.510 (0.74, 0.74, −1.48) 0 0.99/0.0/0.01
k2 0.490 (0.71, 0.71, 1.43) 0 0.98/0.0/0.02

12 k3 0.605 (1.10, 1.10, 0) 0 1/0/0
k4 0.395 (1.09, 1.09, 0) 0 1/0/0

as presented below). The best fit of the measured polarization
matrix at 1.5 K for 23 reflections is shown with blue dots in
Fig. 4. It is obtained for a parallel orientation of TRI and KGM

FIG. 4. Spherical polarization analysis at T = 1.5 K using CRY-
OPAD on IN22: observed versus calculated components of the final
polarization for 23 magnetic Bragg peaks belonging to the k1 domain.
The magnetic moments on the TRI and KGM sites lie in the plane
perpendicular to the [111] direction. The best fit is obtained when
they are parallel to each other (blue filled circles, goodness of the
fit wR2 = 21.4%), and it deteriorates as soon as they depart from
collinearity. For comparison, an example is given for perpendicular
TRI and KGM spins (red empty circles, wR2 = 63.0%). Note that
4 points out of 207 are still not well described by the best model
with collinear TRI and KGM magnetic moments. They correspond
to the PYY and PZZ components of the polarization matrix for the
(0.5, 0.5, 2.5) and (1.5, 1.5, −0.5) Bragg reflections. The origin of
this discrepancy is unclear at the moment.
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FIG. 5. Neutron counts at the peak maximum versus magnetic
field applied along the [1-10] direction at 4.5 K for (a) four magnetic
Bragg reflections representative of the AFM k domains, (b) the
(1, 1, 1) weak nuclear reflection on top of which grows a field-induced
FM component, (c) the (−4, −4, 0) strong nuclear reflection sensitive
to the extinction, (d) the (0, 0, 2) forbidden nuclear reflection. The
Hdom, Hc1, and Hc2 characteristic fields are indicated by vertical lines.
The filled (open) symbols correspond to increasing (decreasing) field
measurements.

magnetic moments in the {111} planes [see Fig. 1(a)] and a
population of the three S domains equal to 26/40/34 %.

Under a magnetic field, the populations of the magnetic
domains are expected to vary, the domains with the AFM
component perpendicular to the magnetic field being favored
by the exchange and Zeeman terms. We followed four AFM
reflections while applying a magnetic field along the 2-fold
axis [1-10] direction: (0.5, 0.5, 0.5), (0.5, 0.5, −0.5), (0.5,
−0.5, −0.5), (0.5, −0.5, 0.5). They are characteristic of the
four k-domain populations and have roughly the same intensity
at H = 0. As shown in Fig. 5(a), when increasing the magnetic
field, the 4 equipopulated k domains start to split into two
pairs of reflections with different intensities, one pair being
selected (k1, k2) whereas the other pair (k3, k4) is suppressed
with increasing field. This selection occurs irreversibly mostly
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FIG. 6. Single-crystal magnetization M and its derivative (red
dashed line) measured as a function of the magnetic field oriented
along the [1-10] direction at 2 K.

below μ0Hdom ≈ 2 T. At μ0Hc1 = 4.3 T, there is a slight
change of curvature of the field dependence of the (0.5, 0.5,
0.5) and (0.5, 0.5, −0.5) signal. This field corresponds to the
first anomaly observed in the magnetization curve measured on
a single crystal shown in Fig. 6, in agreement with the results
of Hoshi et al. [14]. The second magnetization anomaly occurs
at μ0Hc2 = 9.5 T, when the populations of the four k domains
change again abruptly in a remarkable way: the two selected
domains (k1, k2) vanish and the two k domains that were
absent (k3, k4) are populated [see Fig. 5(a)].

In addition to the AFM components probed with the
previous reflections, a gradual rise of the intensity of the
(1, 1, 1) nuclear reflection is observed [see Fig. 5(b)]. It is
associated with the FM component (M) developing along the
field on the TRI and KGM sites. It leads to the integrated
magnetic intensity on the (1, 1, 1) reflection, given by the
square of the magnetic structure factor, ∝ (MTRI − 3MKGM)2

[10]. Two steplike increases of this signal are observed, a small
one at Hc1 and a pronounced one at Hc2. Above Hc2, both a
FM and an AFM contribution are thus present indicating a
canted magnetic structure, consistent with the magnetization
still increasing in higher fields [9].

The field-induced antiferromagnetic component of the
magnetic orders could be determined from refinements of
the half-integer magnetic reflections collected on D23 at
T = 4.5 K under the selected fields of 5.5, 9.4, and 12 T
as shown in Fig. 7. At μ0H = 5.5 and 9.4 T, i.e., for
Hc1 < H < Hc2, the KGM AFM component of the moments
is found aligned along the [11-2] direction for the k1 selected
domain [see Fig. 1(b)] and along the [112] direction for the k2
selected domain. The amplitude of this component decreases
from 3.1 to 1.8 μB between 5.5 and 9.4 T while the FM
component increases. On the TRI site, the AFM component is
found equal to zero above Hc1, as already proposed [10]. At
μ0H = 12 T, i.e., for H > Hc2, the KGM AFM component of
the two new k3 and k4 selected domains is found aligned along
a unique direction [110], also perpendicular to the applied
magnetic field [see Fig. 1(c)]. At this field, the AFM and FM
components of the KGM magnetic moment are found ≈ 1.5
and 2.4 μB , respectively, from neutron diffraction refinement
and magnetization measurements.

The field-induced magnetic behavior is summarized in
Table II and leads to the following scenario: at zero-field,
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FIG. 7. Observed versus calculated intensity of the magnetic
Bragg reflections measured on D23 at T = 4.5 K, and refined at
5.5 T, at 9.4 T (Hc1 < H < Hc2), and at 12 T (H > Hc2). The wR2
factors give the goodness of the fit.

we assume that both the TRI and KGM moments are parallel
to each other and along the 12 equivalent 〈112〉 directions.
Increasing the field applied along [1-10] selects, above Hdom,
the two [11-2] and [112] directions perpendicular to it, and
thus the two associated k1 and k2 domains. Hc1 marks an AFM
to FM transition of the TRI magnetic moments that become
oriented along the field. At Hc2, a new magnetic order is

TABLE II. Selection of the antiferromagnetic domains under a
magnetic field applied along [1-10]. For the three field ranges given
in the table, the columns indicate the selected propagation vectors
and the orientation of the antiferromagnetic component of the KGM
and TRI magnetic moments. Note that in zero field the four magnetic
domains are equipopulated and that they get selected for H > Hdom.
Above Hc1, the TRI moments are ferromagnetically aligned along the
field.

Hdom < H < Hc1 Hc1 < H < Hc2 Hc2 < H

k KGM TRI k KGM TRI k KGM TRI

k1 [11-2] [11-2] k1 [11-2] none k3 [110] none
k2 [112] [112] k2 [112] none k4 [110] none

stabilized with the AFM component on the KGM sites aligned
along the [110] direction. This orientation is compatible with
the selection of two new domains, k3 and k4, and implies a
redefinition of the KGM and TRI planes. A canted magnetic
structure is induced by the field on the former while the latter
are ferromagnetic.

B. Structural changes

Correlated to the complex magnetic behavior of GeCo2O4,
there is a remarkable variation of the extinction. It corresponds
to a decrease of the intensity of strong Bragg reflections
when the structural crystal quality is improved possibly due
to magnetostructural effects [28]. An irreversible decrease
of the intensity is observed on the intense nuclear reflection
(−4,−4,0) up to Hdom [see Fig. 5(c)], which shows that the
structural quality is improved when the magnetic domains are
selected. The intensity is then constant up to Hc2 where a very
narrow peak of extra intensity is visible, indicating a transient
crystal deterioration at the transition toward the new magnetic
structure.

In the present paper, these magnetostructural effects were
further investigated by single-crystal x-ray diffraction on ID06.
Back to the temperature dependence in zero field, the (0,
0, 16) structural reflection splits into two peaks below TN

[see Fig. 8(a)]. This agrees with a main cubic-to-tetragonal
structural distortion implying a 0.12% elongation of one of the
cubic axes [14], hence yielding three tetragonal domains (see
Table III and the Supplemental Material [23] for complemen-
tary powder neutron diffraction results).

It should be noted however that, in a single-k picture, a
(1/2, 1/2, 1/2) propagation vector for the magnetic structure
cannot result in a tetragonal strain. An important issue is
therefore whether the magnetic order is described by only
one or several members of the star of the k vector. A similar
puzzling behavior was reported in CoO: this oxide was known
to undergo a cubic-to-tetragonal structural transition at the
temperature of the collinear magnetic ordering, itself described
by an AFM stacking of ferromagnetic planes with a (1/2, 1/2,
1/2) propagation vector and the magnetic moment along the
〈112〉 directions [29]. Symmetry arguments [30] were invoked
showing that, if the tetragonal distortion is driven by the
magnetic ordering, the magnetic structure has to be described
by 4 propagation vectors, leading to a noncollinear magnetic
arrangement. On the other hand, if the main tetragonal
distortion is not caused by the magnetic structure, a single-k
magnetic structure will induce an additional small trigonal
distortion leading to a monoclinic space group. In CoO,
the evolution of the magnetic domains under applied stress
allowed to discriminate between the two scenarios, in favor
of a single-k structure [30]. Direct evidence of a small but
finite trigonal lattice distortion was finally found through x-ray
diffraction [31], which agreed with the magnetic structure
symmetry.

In GeCo2O4, as in CoO, a tetragonal distortion resulting
from the magnetic ordering would imply 4 propagation
vectors and a noncollinear magnetic structure. This is hardly
compatible with the field-induced magnetic domain selection
that we observe and that we can explain straightforwardly in
a single-k magnetic structure. Similarly to CoO [30,31], we
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therefore suggest that the single-k magnetic structure emerges
in a primarily tetragonal context, inducing an additional
small trigonal distortion (see Fig. 9). This should lead to a
monoclinic space group, that has still to be evidenced [32]. This
scenario is consistent with the reported first-order transition
at TN in GeCo2O4 [33,34]. Also supporting this assumption
is the orientation of the Co2+ magnetic moments that we
determined along the same direction as in CoO [29]. The
monoclinic distortion is characterized by a unique 2-fold axis
along the 〈110〉 direction perpendicular to the selected cubic
trigonal 〈111〉 direction and to the tetragonal axis. In this case,
each tetragonal domain is further split into four monoclinic
domains, yielding 12 structural domains (see Table III).

It is interesting at this stage to correlate the structural and
the magnetic domains. For this purpose, we have studied
the field evolution of the (0, 0, 16) nuclear Bragg peak that
got split below TN in zero field. Under a magnetic field
along [1-10], the two (0, 0, 16) peaks are still visible up
to μ0Hdom = 2 T, but only one peak remains above μ0Hdom

associated with the smaller lattice parameter [see Fig. 8(b)].

TABLE III. Description of the magnetostructural domains. The
successive columns indicate the tetragonal domains characterized by
their elongated axis, the 12 monoclinic domains characterized by
the trigonal axis of the cubic cell and the monoclinic 2-fold axis,
and the associated 24 magnetic domains for the magnetic moments
along the 〈112〉 direction, with the additional requirement that the
magnetization must be the closest to the plane perpendicular to the
tetragonal axis. The domains selected by a magnetic field applied
along the [1-10] direction are in bold.

Tetragonal Monoclinic Magnetic

a [111] [01-1] [11-2] [1-21]
[11-1] [011] [112] [1-2-1]

[1-1-1] [01-1] [1-12] [12-1]
[1-11] [011] [1-1-2] [121]

b [111] [10-1] [2-1-1][11-2]
[11-1] [101] [2-11][112]
[1-1-1] [101] [211] [1-12]
[1-11] [10-1] [21-1] [1-1-2]

c [111] [1-10] [2-1-1] [1-21]
[11-1] [1-10] [2-11] [1-2-1]
[1-1-1] [110] [211] [12-1]
[1-11] [110] [21-1] [121]

It means that the field selects two tetragonal domains out
of three, with an a or b elongated axis. To understand the
relation between this field-induced structural domain selection
and the magnetic domain selection, we refer to the behavior
of the magnetic moment of Co2+ in CoO films submitted
to different strains that compress or elongate the tetragonal
axis. It has been shown in particular that for an elongated
tetragonal axis, the magnetic moment should lie in the plane
perpendicular to this axis [35]. This condition in GeCo2O4

allows us to identify 24 magnetostructural domains listed in

FIG. 9. Structural distortion: example of monoclinic cell (in
blue), with a unique 2-fold axis [1-10], derived from the tetragonally
distorted cubic cell (black) with the elongated c axis. The monoclinic
distortion is achieved through an additional trigonal distortion (here
along the [111] direction) leading to a deviation of the β angle from
125.264◦.
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Table III. The trigonal cubic axis characterizing the distortion
coincides with the direction of the magnetic propagation vec-
tor. Our single-crystal neutron diffraction results indicate that
H ‖ [1-10] selects, below Hc2, the magnetostructural domains
with the [112] and [11-2] magnetic moments directions. These
are indeed closer to the (100) and (010) planes than to the
(001) one, hence compatible with the a and b elongated axis,
as observed.

From Hc1 to Hc2, the position of the remaining peak
progressively changes signaling an increase in the c lattice
parameter. Above Hc2, a unique peak finally appears abruptly
shifted at a value corresponding to a larger c lattice parameter.
In addition to the lattice parameter variation, other struc-
tural changes start to occur for H > Hc1. For instance, the
(0, 0, 2) structural reflection, forbidden by the 41/d symmetry
element of the Fd-3m space group, rises in intensity from
Hc1 to Hc2 where it presents a marked step, as observed
both with neutron and x-ray diffraction [see Figs. 5(d)
and 8(c)] [36].

IV. DISCUSSION

These results provide a strong indication that the field-
induced evolution of the magnetic structure of GeCo2O4 is
not merely due to an energy balance between the Zeeman
term, the magnetic exchange interactions, and the single-ion
magnetocrystalline anisotropy. The key ingredient is actually
the magnetostructural coupling. The TRI and KGM sites,
which were coupled in zero field through a structural distortion
at TN, get decoupled above Hc1 when the field strength is
enough to polarize the TRI planes. This renders ineffective
the zero-field structural distortion in reducing the magnetic
frustration and lowering the energy of the system. It thus
triggers new structural changes evidenced by the rise of the
(0, 0, 2) structural reflection and the increase of the c lattice
parameter. These magnetoelastic effects ultimately lead at
Hc2 to an abrupt structural change and to a novel magnetic
configuration. The latter consists of a stacking of FM planes
of KGM moments. The canted plane to plane arrangement
exhibits a ferromagnetic and an antiferromagnetic component,
both perpendicular to the 〈111〉 directions. The AFM com-
ponent is now orientated along the [110] direction, which
implies the magnetic domain switching from k1 and k2 to
k3 and k4 at Hc2, and a change in the KGM and TRI sites
distribution.

This remarkable spin reorientation can be ascribed to a
change of the magnetocrystalline anisotropy of the Co2+ ions
induced by the structural deformation acting on the crystal
field parameters. The exact nature of the structural changes
occurring at Hc2 cannot be unambiguously established. From
an analogy with the Cr spinels, the first possibility is that this is
a transition towards a new structure of cubic symmetry with a
lattice parameter enlarged with respect to the paramagnetic
state. The second option rather implies a change of the
selected structural domains, triggered by the magnetism.
The weakening of the structural distortion tilts the magnetic
moments from the [112] and [11-2] directions to the (001)
plane. The magnetic moments are then perpendicular to the c

axis thus favoring, above Hc2, the tetragonal structural domain
with the elongated c axis instead of those with elongated a

and b axes selected for Hdom < H < Hc2. This is supported
by the fact that the c lattice parameter above Hc2 is identical to
the one of the zero-field domain that disappears above Hdom.
Finally, complementary studies are crucially needed, first to
confirm the single-k nature of the magnetic structure and the
monoclinic distortion, and then to decide between the two
above scenarios.

V. CONCLUSION

In conclusion, the spinel compound GeCo2O4 exhibits
common features to both Cr/V spinels and binary oxides such
as CoO, in spite of different interaction schemes or different
topology of the lattice. Our neutron and x-ray single-crystal
diffraction study has shown that unconventional behaviors are
generated by the strong interplay between the structural and
frustrated magnetic degrees of freedom under the influence
of an external magnetic field. The high-field transition is
particularly rich, involving deep structural changes and a
reshuffling of the inhomogeneous magnetization distribution,
associated with a rare field-induced change of magnetic
anisotropy.
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