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Field-induced structural transition and irreversible domain detwinning
in the antiferromagnet Fe1.1Te
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Single-crystal x-ray diffraction in pulsed magnetic fields of up to 31 T was used to investigate the iron telluride
antiferromagnet Fe1.1Te, which is a parent of the Fe-based chalcogenide superconductors. At temperatures below
the Néel temperature TN � 60 K, high magnetic fields perpendicular to the c axis lead to an irreversible detwinning
of the crystal at the field HR , where magnetocrystalline domains are selected by a moment reorientation process.
Just below TN , the onset of a structural transition at the critical field HC > HR , which delimits the antiferromagnet
phase, indicates a partial restoration of the high-temperature tetragonal symmetry. The lattice and magnetic
answers to an in-plane magnetic field are discussed, emphasizing the strength of magnetoelastic coupling in
Fe1.1Te.
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I. INTRODUCTION

The interplay between structural and electronic properties
is a central issue in the study of high-temperature super-
conductivity. An illustration of this interplay is nematicity,
i.e., a breaking of the lattice rotational symmetry, which has
been observed in the paramagnetic state of cuprate [1] and
iron-based [2] superconductors. In these systems, electronic
effects—instead of a pure structural effect—are suspected
to drive nemacity. For instance, an orbital mechanism of
nematicity has been proposed for FeSe [3–5]. Due to layered
lattices, nematicity generally leads to the formation of domains
that are related through crystallographic twin laws. A lattice
distortion responsible for a crystal twinning is also observed
in magnetically ordered parent phases of high-temperature
superconductors. In the cuprates YBa2Cu3O7−δ [6] and
La2−xSrxCuO4 [7,8], and in the iron-based Ba(Fe1−xCox)2As2

[9–13], EuFe2As2 [14,15], and Fe1+yTe1−xSx [16–18], the
application of pressure or magnetic field was shown to be
an efficient way to detwin a crystal by selecting domains with
a given orientation.

The importance of magnetoelastic coupling has been
particularly emphasized for iron-based materials [19,20].
Among them, the parent compounds Fe1+yTe of the iron
chalcogenide superconductors Fe1+yTe1−xSex [21,22] present
one of the simplest layered structure of iron-pnictides and
chalcogenides with rather unusual magnetic orders. The
latter are strongly dependent on the excess y of Fe atoms,
with the establishment of either a commensurate bicollinear
antiferromagnetic order [23,24] below TN � 57−70 K for
low Fe doping (y � 11%–12%), or incommensurate spiral
magnetic structure for higher Fe doping [25–27]. For low Fe
doping, the magnetic transition is first order and coincides
with a structural transition that lowers the crystal symmetry
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from tetragonal to monoclinic. In the antiferromagnet Fe1.1Te
at T < TN � 60 K, a high magnetic field H ⊥ c induces
an irreversible steplike increase in the magnetization at the
reorientation field HR (μ0HR = 48 T at T = 4.2 K) related to a
spin-flop-like reorientation of the antiferromagnetic moments
[28]. At temperatures T � TN , a kink in the magnetization is
the signature of the antiferromagnetic borderline HC .

Here we report a single-crystal x-ray diffraction experiment
in pulsed magnetic fields of up to 31 T to explore the effects
of magnetoelastic coupling in Fe1.1Te. We present a direct
experimental evidence for an irreversible domain selection,
i.e., an irreversible crystal detwinning, which coincides with
a reorientation of the antiferromagnetic moments at the
magnetic field HR . We also observe the onset of a structural
transition at the critical antiferromagnetic field HC , compatible
with a high-field restoration of the tetragonal symmetry.

II. EXPERIMENTAL DETAILS

The single crystal of Fe1.1Te studied here, grown by
a modified Bridgman method [29], is a thin platelet of
∼4 × 2 × 0.35 mm3 with the c axis normal to the plate. The
interstitial iron concentration was determined previously by
chemical analysis using energy dispersive x-ray spectrometry
and refinement of single crystal x-ray diffraction data as
reported in Ref. [28]. The sample, glued with GE varnish
on the sample holder, was aligned so that the a and c
axes of the high-temperature tetragonal phase were in the
diffraction plane. Diffraction experiments were performed on
the undulator beamline ID06, at the European Synchrotron
Radiation Facility (Grenoble, France), using a MAXIPIX
two-dimensional pixel detector [30]. A split-pair pulsed
magnet and cryostat assembly specially designed for x-ray
diffraction—and developed at the Laboratoire National des
Champs Magnétiques Intenses (Toulouse, France)—was used.
This magnet delivers long-duration (rise time of 16.5 ms, total
duration of 60 ms) pulsed magnetic fields—perpendicular to
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TABLE I. Scattering angles of selected Bragg reflections of
Fe1.1Te at temperatures T < TN (monoclinic P 21/m phase) and
T > TN (tetragonal P 4/nmm phase). The angles were calculated
for E = 31 keV using the lattice parameters from Ref. [25].

2θ (deg) T < TN 2θ (deg) T > TN

(hkl) (monoclinic P 21/m) (tetragonal P 4/nmm)

(404) 28.21 28.47
(404) 28.50 28.47
(044)/(044) 28.62 28.47

the horizontal diffraction plane—up to 31 T, at temperatures
from 1.6 to 300 K. A photon energy of E = 31 keV (λ =
0.40 Å) allowed observing Bragg reflections with relatively
high Miller indices, as discussed below. Further details about
the experimental configuration can be found in Ref. [31].

III. RESULTS AND DISCUSSION

The structural transition from the high temperature,
T > TN tetragonal phase (space group P 4/nmm) to the low
temperature monoclinic phase (P 21/m) leads to a splitting of
the (404) Bragg reflection, see Table I. Below TN we clearly
resolve the different scattering angles of the monoclinic (404),
(404̄), and the degenerate (044)/(044̄) reflections, as displayed
in Fig. 1 by the temperature dependence of the diffracted
intensity measured in the absence of magnetic field.

Above TN these four reflections are degenerated and
consequently only one single line is observed. We note that
the scattering angle of the tetragonal (404) reflection almost
coincides with that of the monoclinic (404̄) reflection. At
T < TN , the three reflections (404), (404), and (044) are
observed in the same frame because of the formation of
monoclinic domains with different orientations [16,18,32]:
(404) and (404) are the signatures of domains whose scattering
plane is (a,c), while (044) is the signature of domains
whose scattering plane is (b,c). Here we detected the phase
transition at TN � 58 K and we extracted the refined lattice
parameters a = b = 3.809(2) Å and c = 6.235(5) Å in the
tetragonal phase, and a = 3.833(1) Å, b = 3.783(1) Å, and
c = 6.262(5) Å (β = 89.28◦) in the monoclinic phase, in
agreement with previous studies [25,26].

FIG. 1. Temperature dependence of the diffracted intensity of
(404), (404), and (044) Bragg reflections. The splitting due to the
monoclinic distortion is clearly observed at TN = 58 K.

FIG. 2. Time dependence of the diffracted intensity of the (404),
(404), and (044) Bragg reflections at the temperatures T = (a) 73 K,
(b) 55 K, (c) 32 K, and (d) 13 K during a 31 T magnetic field pulse.
Results presented here are integrated over the full range of γ angle
(out-of-diffraction plane component) �γ = ±0.5◦ and were obtained
in a single magnetic field pulse. Top: Trace of a 31 T magnetic-field
pulse and drawing of the scattering geometry showing the direction of
the applied magnetic field and the crystal axes in the high temperature
tetragonal phase.

The effect of magnetic fields up to 31 T on the (404), (404),
and (044) Bragg reflections is shown in Figs. 2 and 3. Due to
the constraints of the pulsed field device [31], the diffraction
condition at high temperature was kept for the measurements
at low temperature and high fields. As the experiment was set
up with the scattering vector parallel to the tetragonal [4 0 4]
direction, the different monoclinic domains were slightly tilted
with respect to the ideal diffraction condition, leading to reflec-
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FIG. 3. Field dependence of the diffracted intensity of the (404), (404), and (044) Bragg reflections at the temperatures T = (a) 73 K,
(b) 55 K, (c) 32 K, and (d) 13 K. (e) Field dependence of the magnetization up to 30 T at T = 30 K. (f) Temperature dependence of the
magnetic susceptibility, where 〈χ〉 and χa are estimated from the rise and fall, respectively, of pulsed-field measurements, and where χb is
estimated assuming a half-half repartition of the domains.

tions with weaker intensities than expected but with relative
intensity ratios preserved from one temperature to another.

In Figs. 2 and 3 data are shown for four temperatures to
illustrate the behavior in different regions of the phase diagram:

(i) At T = 73 K � TN , one Bragg peak corresponding
to the degenerated tetragonal (404) reflection is observed
[see Figs. 2(a) and 3(a)]. The absence of significant variation in
the recorded intensity indicates that the structure is unchanged
in a high magnetic field, the sample position being stable with
regard to the beam during the field pulse.

(ii) At T = 55 K � TN , the (404) and (404) reflections
vanish while the (044) reflection is reinforced at μ0HR � 20 T
during the field rise [see Figs. 2(b) and 3(b)]. This indicates a
crystal detwinning at HR , with a stabilization of the domains
for which the scattering plane is (b,c), i.e., with H ‖ a. A sec-
ond transition is observed at μ0HC ≈ 30/25 T (rising/falling
field), where modifications in the Bragg intensities occur: the
intensity at the (044) reflection decreases, that at the (404)
reflection remains equal to zero, while the (404) reflection is
reinforced. These variations are compatible with the onset of a
field-induced restoration of the tetragonal symmetry, for which
the degenerated tetragonal reflection reappears. Here, due to an
integration window �(2θ ) = ±0.1◦ larger than the separation
between the monoclinic (404) and tetragonal (404) reflections
(see Table I), the increase above HC of the intensity labeled
by (404) is caused by the partial restoration of the tetragonal
(404) reflection, but not by the monoclinic (404) reflection. As
seen in Fig. 2(b), the transition at HC shows a strong hysteresis
similar to that observed by magnetization [28]. At the end of

the pulse at T = 55 K, remaining intensities at the monoclinic
(404) and (404) reflections indicate that the multidomain state
is partly restored. To fully restore the zero-field multidomain
monoclinic state, the sample has to be heated above the Néel
temperature and then cooled down again.

(iii) At T = 32 K, the transition at μ0HR � 28 T
[Figs. 2(c) and 3(c)] leads to a well-defined and complete
vanishing of the (404) and (404) reflections accompanied by a
reinforcement of the (044) reflection. This reflects a complete
selection of the domains whose scattering plane is (b,c). After
the magnetic field pulse, the crystal remains fully (or almost
fully) detwinned, as shown by the intensities of the (404) and
(404) reflections at the background level.

(iv) At T = 13 K, a small field-induced transfer of inten-
sity from the (404) and (404) reflections to the (044) reflection
is detected, but no transition is identified and the monoclinic
symmetry is conserved up to 31 T [Fig. 3(d)]. This result is
compatible with the magnetization data, which showed that
μ0HR increases significantly at low temperature, reaching
�35−40 T at T = 13 K [28].

Figure 3(e) presents the magnetization of Fe1.1Te measured
with μ0H ⊥ c up to 30 T at T = 30 K, showing an irreversible
steplike variation at μ0HR � 23 T [28]. Here we have found
that the transition at HR is associated with a selection of
the domains with H ‖ a. Knowing that the antiferromagnetic
moments mAF order along b at zero magnetic field [23,24],
our diffraction experiment confirms that a reorientation of
the moments with mAF ⊥ H occurs at HR , in a similar way
to the spin-flop transition of single-domain antiferromagnets.
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FIG. 4. Magnetic-field-temperature phase diagram of Fe1.1Te
with H ⊥ c. Closed symbols: Critical fields extracted from x-ray
diffraction in field up to 31 T. Open symbols: Critical fields from
magnetization measurements from Ref. [28].

Contrary to a spin-flop transition, where the antiferromagnetic
moments are aligned perpendicular to the easy axis above the
spin-flop field, the moment reorientation observed here corre-
sponds to an alignment of all magnetic moments along their
easy-magnetic axis, which is permitted by the domain selection
[33]. The specificity of Fe1.1Te, in comparison with usual
single-domain antiferromagnets, is that the antiferromagnetic
state is accompanied by a monoclinic distortion characterized
by slightly different values of the lattice parameters a and
b (which are equal in the tetragonal paramagnetic state),
allowing the magnetoelastic coupling to play a central role in
both the domain formation below TN and the domain selection
at the reorientation field HR . In fields smaller than 30 T,
the slope of the linear M versus H curve can be identified
as (i), for rising fields, the susceptibility 〈χ〉 averaged over
the domains, and (ii), for falling fields, the susceptibility χa

of a single domain with H ‖ a. Using the rough, but we
believe reasonable, approximation of a half-half repartition
of domains in the multidomain regime, we approximate by
χb = 2〈χ〉 − χa the single-domain magnetic susceptibility for
H ‖ b, and we estimate the intrinsic in-plane anisotropy of the
magnetic susceptibility χa/χb � 3 of a single domain [see
Fig. 3(f)].

These results are synthesized in Fig. 4, where we report
the different critical magnetic fields in the whole temperature
range. The phase diagram derived from high-field magnetiza-
tion measurements [28] is also displayed. As in the antifer-
romagnets Fe1+yTe1−xSx [16] and EuFe2As2 [14], our data
indicate a partial recovery of the tetragonal symmetry in mag-

netic fields higher than the antiferromagnetic-to-paramagnetic
phase boundary HC . Interestingly, an irreversible magne-
tocrystalline domain selection through the magnetoelastic
coupling occurs at the moment reorientation field HR , carrying
the b axis in the diffraction plane via a spin-flop-like process.
The temperature dependence of HR is directly related to
the mobility of the domain walls. However, an anomalous
low-temperature enhancement of HR is observed (see Fig. 4).
It might be explained by a subtle combination of magnetic
interactions, in which the magnetic moments on excess off-
stoichiometric Fe ions at interstitial sites (which are not
equivalent to the main Fe sites) could play a role [34]. Similarly
to here, an irreversible (or partly reversible, depending on
the temperature) field-induced domain selection was also
detected in the Fe-based antiferromagnets Ba(Fe1−xCox)2As2

[12,13] and EuFe2As2 [15]. In EuFe2As2, where Eu2+ and
Fe2+ ions are both magnetic, a reorientation of the magnetic
moments was observed by magnetization and was identified
as the driving force of the persistent detwinning at low
field. Magnetization measurements would also be needed in
Ba(Fe1−xCox)2As2 to check if a moment reorientation process
occurs concomitantly to the detwinning. Interestingly, a re-
versible domain selection driven by magnetoelastic effects has
been detected in the quasi-two-dimensional antiferromagnet
BaNi2V2O8 under magnetic field [35] as well as in AFe2As2

(A = Ba, Ca) compounds under uniaxial pressure [9,11].
Having shown that field-induced detwinning of the anti-

ferromagnet Fe1.1Te is microscopically associated with a re-
orientation of the antiferromagnet moments, several questions
remain and are beyond the scope of this paper. How does
the modified distribution of magnetic moment directions
affect the breaking of crystal lattice symmetry? Which force
drives the magnetic-field-induced detwinning of nematic
paramagnets? In the future, studies of the magnetoelastic
coupling should be extended to a large class of Fe-based and
cuprate materials close to their superconducting instability
to better understand the respective roles of magnetism and
lattice properties for the development of high-temperature
superconductivity.
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