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Magnetoelastic coupling, structural, magnetic, electronic transport, and magnetotransport properties of
La0.85Ce0.15Fe12B6 have been studied by a combination of macroscopic [magnetization, electrical resistivity, and
magnetoresistance (MR)] and microscopic temperature- and magnetic-field-dependent x-ray powder diffraction
measurements. The itinerant-electron system La0.85Ce0.15Fe12B6 exhibits an antiferromagnetic (AFM) ground
state and multiple magnetic transitions, AFM-ferromagnetic (FM) and FM-paramagnetic (PM), triggered by
changes in both temperature and magnetic fields. At low temperatures, the field-induced first-order AFM-FM
metamagnetic phase transition is discontinuous, manifesting itself by extremely sharp steps in magnetization as
well as in MR and is accompanied by large magnetic hysteresis. A remarkably large negative MR of −73% was
discovered. In addition, the time evolution of the electrical resistivity displays a colossal spontaneous jump when
both the applied magnetic field and temperature are constant. Diffraction data reveal a magnetic-field-induced
structural phase transition associated with the AFM-FM and PM-FM transformations. The lattice distortion is
driven by magnetoelastic coupling and converts the crystal structure from rhombohedral (R3̄m) to monoclinic
(C2/m). The AFM and PM states are related to the rhombohedral structure, whereas the FM order develops in the
monoclinic symmetry. A huge volume magnetostriction of ∼0.9% accompanies this symmetry-lowering lattice
distortion. Meanwhile, a highly anisotropic thermal expansion involving giant negative thermal expansion with
an average volumetric thermal expansion coefficient αV = −195 × 10−6 K−1 was observed. The consistency
seen in these different experimental data constitutes direct evidence of the strong correlations between charge,
magnetic, and crystallographic degrees of freedom in this material.

DOI: 10.1103/PhysRevMaterials.5.104401

I. INTRODUCTION

It is general knowledge that many compounds may un-
dergo structural phase transitions when subject to changes
in hydrostatic pressure, temperature, and chemical compo-
sition. However, the occurrence of structure transformations
induced by applied magnetic field is rather rare, and only a few
examples are discussed in the literature. Materials with inter-
connected lattice and spin degrees of freedom often exhibit
multifunctional properties such as giant magnetoresistance
(MR), colossal magnetostriction, and giant magnetocaloric
effect [1–11]. These prominent magnetoresponsive physical
properties of relevance result from instabilities in magnetic
and crystallographic sublattices [9]. That is, these emer-
gent physical phenomena are particularly pronounced in the
vicinity of a first-order magnetostructural phase transfor-
mation, which in turn allows controlling of the physical
properties of the solid system via several types of exter-
nally applied driving forces. At present, the different families
of materials featuring a strong magnetoelastic coupling are
of great importance from the fundamental research side
as well as from the technological applications viewpoint.

*leopold.diop@univ-lorraine.fr

Understanding the interplay between crystallographic and
magnetic sublattices is a crucial challenge in condensed mat-
ter science. These magnetic systems form a phenomenal
playground for materials physics due to the extreme sensitiv-
ity of their physical properties to reasonably weak external
stimuli.

Most recently, discontinuous and unconventional staircase-
like metamagnetic phase transitions were discovered in the
(La, Ce)Fe12B6 system [12–15]. This singular multistep be-
havior is featured by steep magnetization jumps followed
by plateaus leading to a unique and unusual avalanchelike
magnetization process. The itinerant-electron metamagnet
LaFe12B6 occupies a special place among rare-earth iron-rich
intermetallic compounds; it presents uncommon magnetic be-
havior and many intriguing physical properties among which
the amplitude-modulated antiferromagnetic (AFM) structure
described by a propagation vector k = ( 1

4 , 1
4 , 1

4 ), espe-
cially weak Fe moment (0.43 μB) in the magnetically ordered
ground state, remarkably low magnetic ordering temperature
TN = 36 K for an Fe-rich alloy, and a multicritical point in
the complex magnetic phase diagram [12]. In addition, both
inverse and normal magnetocaloric effects [16], giant spon-
taneous magnetization steps [14], and large magnetovolume
effects [17] can be emphasized as the most relevant intriguing
physical properties. These peculiar features not only offer
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the development of experiments under extreme conditions
and theoretical models for a better comprehension of the
fascinating physics underlying the striking behavior of this
compound [17–21], but also highlight the potential interest
of the LaFe12B6 system for future low-temperature energy
technologies. Within the ternary system RT12B6 (where R is a
rare-earth atom, and T stands for a 3d transition metal element
Co or Fe), LaFe12B6 is the sole stable Fe-based compound of
the 1:12:6 family [20,21], whereas the RCo12B6 intermetallics
are stable along the entire rare-earth series [22]. Even though
the NdFe12B6 alloy is the first Fe-based member of the RT12B6

ternary system to be identified, it is metastable [23]. Among
the 1:12:6 family, LaFe12B6 is the unique compound ex-
hibiting an AFM ground state with an ordering temperature
much lower than the Curie point of the Co-based RCo12B6

ferromagnets (R = Y, La-Sm) or ferrimagnets (R = Gd-Tm)
TC = 134–162 K [22]. The Néel temperature of LaFe12B6 is
an order of magnitude smaller than the transition temperature
of any rare-earth iron-rich binary alloy. Interestingly, extraor-
dinary electronic transport and magnetotransport properties
have been most recently discovered in RCo12B6 phases with
R = Y, Gd, and Ho [24].

In this paper, we report direct evidence of a coupled mag-
netic and structural phase transition stimulated by a magnetic
field in the itinerant-electron metamagnet La0.85Ce0.15Fe12B6

as investigated by means of macroscopic (magnetization, elec-
trical resistivity, and MR) and microscopic (temperature- and
magnetic-field-dependent x-ray diffraction) experiments. In
addition, we discovered that colossal spontaneous resistivity
jumps occur in relaxation measurements, i.e., in experimental
conditions where both the applied magnetic field and temper-
ature are kept constant.

II. EXPERIMENTAL DETAILS

The La0.85Ce0.15Fe12B6 compound was synthetized by arc
melting the mixture of high-purity constituent elements (bet-
ter than 99.9%) under a protective argon gas atmosphere. To
ensure compositional homogeneity, the alloy was arc melted
several times with the button being turned over after each
remelting. The so-obtained ingot was wrapped in Ta foil,
sealed in an evacuated silica tube, and subsequently annealed
at 1173 K for 21 days in a resistive furnace. The analysis of
the phase purity and the room temperature crystal structure
was performed by standard x-ray powder diffraction using
a Siemens D5000 diffractometer in reflection mode with
the Bragg-Brentano geometry and Co-Kα radiation (λKα1 =
1.78897 Å and λKα2 = 1.79285 Å).

Magnetic measurements were undertaken on a powder
sample using an extraction-type magnetometer. Tempera-
ture and magnetic field dependences of the magnetization
were measured in applied fields of up to 10.5 T. A de-
tailed description of the magnetometer can be found in
Ref. [25]. Magnetization data were corrected for the pres-
ence of the minor ferromagnetic Fe2B secondary phase to
get the intrinsic magnetic properties of La0.85Ce0.15Fe12B6.
Two different methods were used to determine the amount
of Fe2B impurity: (i) x-ray powder diffraction analysis and
(ii) magnetization measurements. The latter measurements

were realized just above the magnetic ordering tempera-
ture of La0.85Ce0.15Fe12B6 to remain far below the Curie
point of Fe2B, which is 1015 K. Therefore, the traces of
Fe2B impurity were considered as carrying a saturated mag-
netic moment simplifying the correction for its ferromagnetic
contribution. The impurity concentration is estimated to be
∼6 wt. %.

The specimen for the resistivity and MR experiments was
cut in parallelepiped form using a diamond saw, and then
smooth and flat surfaces were prepared by polishing. The
electrical connections on the surface of the sample were made
by fixing thin platinum wires using silver paste. The mea-
surements were performed using the conventional four-point
contact method at a constant direct current (dc) of 10 mA
at temperatures ranging between 2.5 and 150 K in a super-
conducting magnet providing a maximum magnetic field of
8 T. The magnetic field was applied perpendicular to the
current orientation (H⊥i). To get rid of possible thermals, the
electrical current was applied in opposite polarities at each
measurement. The temperature-dependent electrical resistiv-
ity curves were recorded at a heating/cooling rate of 1 K/min.
The field dependence of electrical resistivity was measured at
a sweep rate of 0.05 T/min.

X-ray diffraction as a function of both temperature and
magnetic field was carried out on a custom-built powder
diffractometer in transmission geometry using Mo-Kα radia-
tion (λKα1 = 0.70932 Å and λKα2 = 0.71340 Å). Fine powder
of La0.85Ce0.15Fe12B6 was uniformly mixed with a National
Institute of Standards and Technology standard reference Si
powder 640d and then glued onto a carbon foil. The car-
bon foil was fixed on a copper cold finger—serving as a
sample holder—of a closed-cycle helium cryofurnace and
transferred into a split-coil superconducting magnet that pro-
vided a homogeneous magnetic field of up to 5.5 T around the
sample position with the magnetic field vector perpendicular
to the scattering plane. The laboratory-based x-ray powder
diffractometer was described in Ref. [26]. Zero-field cooled
(ZFC) and field cooled (FC) measuring protocols were em-
ployed for thermodiffraction measurements at various applied
magnetic fields (isofield measurements). For ZFC mode, the
sample was first cooled in zero magnetic field from room
temperature down to the lowest measurement temperature.
Then the magnetic field was applied after reaching thermal
equilibrium, and diffraction data were collected upon heating.
The ZFC experimental procedure was immediately followed
by cooling under the same applied field (FC). Prior to the
magnetic-field-dependent diffraction experiments (isothermal
measurements), the sample was cooled from room tempera-
ture to the measurement temperature with no magnetic field
applied. For both isofield and isothermal experiments, the
temperature of the sample was stabilized for ≈10 min before
data acquisition. Rietveld refinements of the x-ray powder
diffraction patterns were performed using the FULLPROF pro-
gram [27]. Structural parameters and phase concentrations,
when two structurally distinct phases coexisted in certain
combinations of magnetic field and temperature, were deter-
mined. The sample used in this paper was from the same batch
as that employed previously in magnetic relaxation experi-
ments (Ref. [15]).
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FIG. 1. Rietveld refinement of the x-ray powder diffraction pat-
tern collected at 25 K in μ0H = 0 T for the La0.85Ce0.15Fe12B6

compound. The observed (red dots) and calculated (black lines)
patterns are shown. The blue line represents the difference Iobs − Icalc.
The vertical bars (olive) indicate positions of Bragg peaks for the
different phases.

III. RESULTS AND DISCUSSION

A. X-ray powder diffraction in zero magnetic field μ0H = 0 T

When the intermetallic compound La0.85Ce0.15Fe12B6 is
cooled in zero magnetic field (μ0H = 0 T) from room tem-
perature down to 15 K, its x-ray powder diffraction diagrams

remain identical except for an anisotropic shift of the Bragg
lines toward higher diffraction angles consistent with ther-
mal shrinkage. The Rietveld analyses indicated that, as long
as the alloy remains AFM below the Néel temperature
or paramagnetic (PM) above, it possesses the rhombohe-
dral SrNi12B6-type crystal structure with R3̄m space group
[28–30]. The lattice symmetry is preserved over the entire
investigated temperature interval, i.e., the trigonal symmetry
of the atomic arrangement is kept unchanged. No signature
of a temperature-induced structural phase transition was per-
ceived down to 15 K. Within the unit cell, Fe atoms are
located on two inequivalent Wyckoff positions, namely, 18g
and 18h. The B and La/Ce atoms reside on the 18h and 3a
sites, respectively. A Rietveld refinement of the diffraction
pattern recorded at 25 K in zero magnetic field (μ0H = 0 T) is
shown in Fig. 1, and the resulting parameters are summarized
in Table I.

The unit cell dimensions a and c, volume V, and c/a ra-
tio of the rhombohedral structure are plotted in Fig. 2 as a
function of temperature. The zero magnetic field thermod-
iffraction results demonstrate that both lattice parameters are
anisotropically decreased as the temperature is lowered, yield-
ing a reduction in the unit cell volume. By contrast, the c/a
ratio shows the opposite trend upon cooling. At high temper-
atures, the structural parameters evolve nearly linearly, and
the determined coefficients of linear thermal expansion along
the two principal crystallographic directions amount to αa =
13.3 × 10–6 K–1 and αc = 4.9 × 10–6K–1. The thermal expan-
sion along the high-symmetry direction c is much smaller
than that along the a axis (basal plane). The crystallographic
volume thermal expansion coefficient is estimated to be
about αV = 31.5 × 10–6 K–1. In the temperature range below
60 K, the lattice parameter a remains basically constant, and

FIG. 2. Temperature dependence of the lattice parameters a and c, c/a ratio, and unit cell volume V of the rhombohedral cell for
La0.85Ce0.15Fe12B6 as derived from Rietveld refinement of the diffraction patterns collected upon cooling in μ0H = 0 T. Dashed lines are
guide for the eye.
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TABLE I. Structural parameters of the La0.85Ce0.15Fe12B6 compound deduced from Rietveld refinement of the x-ray diffraction patterns
collected at T = 25 K in magnetic field of 0 and 4 T. Crystallographic space group, lattice parameters, unit cell volume, number of chemical
formula in unit cell, phase fraction, fractional atomic coordinates, and reliability factors are indicated.

25 K 25 K

0 T 4 T 4 T

Space group R-3m R-3m C2/m
a (Å) 9.5903(3) 9.5903(1) 7.5755(9)
b(Å) 9.5903(3) 9.5903(1) 9.7817(8)
c (Å) 7.5923(4) 7.5944(2) 5.9667(6)
β (°) 90 90 113.089(12)
V (Å3) 604.74(7) 604.91(22) 406.73(8)
Z formula unit 3 3 2
Wt (%) 100 19.8 80.2
La/Ce (3a) x 0.0000 0.0000 La/Ce (2c) x 0.0000

y 0.0000 0.0000 y 0.0000
z 0.0000 0.0000 z 0.5000

Fe1 (18h) x 0.4254(6) 0.4245(7) Fe1A (4i) x 0.5407
y −0.4254(6) −0.4245(7) y 0.0000
z 0.0366(5) 0.0331(8) z 0.3121

Fe1B (8 j) x 0.1764
y 0.3643
z 0.0407

Fe2 (18g) x 0.3698(3) 0.3691(5) Fe2A (8 j) x 0.3158
y 0.0000 0.0000 y 0.1842
z 0.5000 0.5000 z 0.3684

Fe2B (4g) x 0.0000
y 0.1316
z 0.0000

B1 (18h) x 0.1631(5) 0.1578(7) B1A (4i) x 0.2333
y −0.1631(5) −0.1578(7) y 0.0000
z 0.0659(6) 0.0772(9) z 0.1598

B1B (8 j) x 0.0535
y 0.2868
z 0.2667

χ 2 1.62 1.54 1.54
RBragg(%) 4.88 4.97 4.72
Rwp(%) 9.03 8.63 8.63
Rp(%) 7.12 6.78 6.78
Rexp(%) 7.08 6.96 6.96

consequently, the thermal expansion along this crystallo-
graphic direction approaches zero. On the other hand, the
thermal expansion along the threefold symmetry axis c be-
comes almost negligible only below 30 K. This difference on
the temperature at which a practically zero thermal expansion
is observed along the two principal crystallographic axes is
explainable by considering the anisotropy of the lattice. The
flattening of the linear thermal expansion at low temperatures
is in accord with the normal phonon contribution approaching
zero (in agreement with Grüneisen’s law). In the thermal vari-
ation of the volume, no discernible abnormality is detected at
TN associated with the second-order AFM-PM transition.

B. Magnetization

Figure 3 displays the temperature-dependent magnetiza-
tion curves M(T) measured under various applied magnetic
fields between 0.1 and 9.5 T. The low-field thermomagnetic

curve [Fig. 3(a)] presents a small peak around TN = 35 K,
indicating that La0.85Ce0.15Fe12B6 undergoes a second-order
transition from an AFM to a PM phase. The M(T) measure-
ments recorded in an applied field of 9.5 T [Fig. 3(b)] reflect
the magnetic transition from a typical FM phase to a PM
state. The 4 T (6 T) thermomagnetic curve reveals that a large
percentage ∼74% (80%) of the sample volume is transformed
into a FM phase at low temperatures, and the remaining frac-
tion ∼26% (20%) is in the AFM ground state. Note that the
concentration of induced FM phase is strongly dependent on
the strength of applied field, which favors the FM order over
the AFM phase.

Nevertheless, the magnetization presents considerably dif-
ferent temperature dependence when conducted in 2 T
magnetic field. The ZFC M(T) curve (μ0H = 2 T) mani-
fests a bell-shaped anomaly, and two magnetic events occur
sequentially upon heating. The first one corresponds to an
AFM-to-FM phase transition at low temperatures, and the
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(a) (b)

FIG. 3. Temperature dependence of the magnetization of La0.85Ce0.15Fe12B6: (a) magnetization measured using zero-field cooled (ZFC)
protocol in 0.1 T applied magnetic field; (b) magnetization measured in applied magnetic fields of 2, 4, 6, and 9.5 T [both ZFC and field cooled
(FC) data are marked by the same symbols. The arrows indicate the direction of the temperature change].

second one is a FM-to-PM transformation at high tempera-
tures. The spectacular increase in the magnetization by 550%,
when temperature is raised by 8 K, is associated with the
sudden formation of the FM order. Throughout this mag-
netic phase transition, both AFM and FM ordered states
coexist, hence forming a magnetically heterogeneous state
(magnetic-phase-segregated state). Cooling in a 2 T magnetic
field converts La0.85Ce0.15Fe12B6 into a partially FM state.
The 2 T curve shows a pronounced splitting between ZFC
and FC modes, and the maximum value of magnetization for
ZFC measuring protocol is larger than for the FC branch.
This last aspect is rather unusual for standard ferromagnetic
systems in an applied magnetic field as large as 2 T. A simi-
lar bell-like anomaly was evidenced in the parent compound
LaFe12B6 within the magnetic field range between 4.75 and
7 T [12]. Another salient feature of the isofield magnetization
curves of La0.85Ce0.15Fe12B6 is the huge temperature hystere-
sis of ∼12 K in the vicinity of the FM-PM magnetic phase
transition, which is consistent with the first-order character
of the transformation. Upon increasing the applied magnetic
field, the Curie temperature TC is strongly shifted to higher
temperatures.

To elucidate the magnetic states at different fixed
temperatures and applied fields, isothermal magnetization
curves M(H) were taken on the thermally demagnetized
La0.85Ce0.15Fe12B6. Just the magnetization isotherms at some
representative temperatures are displayed in Fig. 4, but all
the recorded data were used to construct the phase diagram
depicted in Fig. 5. At 2 K, the virgin curve (first magnetization
curve) exhibits three ultrasharp jumps followed by plateaus;
generating an avalanchelike metamagnetic process like that
observed in LaFe12B6. These steplike transitions result from
conversion of a fraction of the sample from the AFM state
into the FM state. The first and second magnetization plateaus
correspond to a mixed phase AFM + FM, i.e., a magnetically
heterogenous state. The saturation magnetization of the fully
FM polarized state amounts to 17.9 μB/f.u. No abrupt steps
nor transitions are seen in the demagnetization curve, which
shows a conventional ferromagnetic behavior, soft magnetism
like with no remanent magnetization, and no significant co-
ercivity. After the applied field is reduced to zero, 100% of

the sample remains in the forced FM state, indicating that
the AFM-FM phase transformation is completely irreversible
at this temperature. The sharpness of the staircaselike transi-
tions decreases with increasing temperature and vanishes at
8 K where the magnetization process becomes smooth. In
La0.85Ce0.15Fe12B6, the magnetic-field-induced metamagnetic
transition extends over a wide temperature interval, below
and well above the Néel temperature, and proceeds beyond
8 K through a progressive conversion of the PM and AFM
phases into FM domains upon increasing applied field. The
field-driven AFM-FM and PM-FM phase transformations are
accompanied by a large magnetic hysteresis, bearing witness
to the first-order nature of the metamagnetic transition.

The critical magnetic fields were defined as the peak of
the derivative of magnetization with respect to the magnetic
field, and the obtained values were used to elaborate the
magnetic field (μ0H )-temperature (T) phase diagram shown
in Fig. 5. The critical field of the demagnetization path

FIG. 4. Magnetization isotherms of La0.85Ce0.15Fe12B6 measured
between 2 and 75 K.
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FIG. 5. Magnetic phase diagram of La0.85Ce0.15Fe12B6. The
critical transition field for the upward (μ0Hcr,up) and downward
(μ0Hcr,down ) field scans as a function of temperature. The transi-
tion magnetic field has been derived from the maximum of the
field derivative of the magnetization isotherms. The closed triangles,
opened hexagons, and closed stars correspond to the critical field
of the first, second, and third jump, respectively, observed on the
isothermal magnetization curves. The open triangles represent the
Néel temperature TN.

μ0Hcr,down varies continuously with temperature. By con-
trast, the thermal evolution of the critical field obtained for
the field-increasing leg μ0Hcr,up is nonmonotonic. Above
27.5 K, μ0Hcr,up increases upon heating, while it presents
the opposite trend at lower temperatures. Below 27.5 K, the
transition field of the first-order AFM-FM phase transition
rises with lowering the temperature due to the strengthen-
ing of the negative exchange interactions and the diminution
of the thermal fluctuations of the magnetic moments and
elasticity of the crystal lattice in the AFM state [12,15,31].
This leads to the increase of both the free energy differ-
ence between the two magnetically ordered AFM and FM
phases and the critical field needed to accomplish the mag-
netic transformation from one state to another. In the PM
regime, the critical field μ0Hcr,up varies proportionally to the
square of temperature T 2 (T 2 dependence) at low tempera-
tures and exhibits a T dependence at high temperatures, in
accord with the spin fluctuation theory for itinerant-electron
metamagnetic systems [32–34]. The Néel temperature slightly
decreases with increasing applied magnetic field. In addition
to the three relatively well-delineated magnetic regions—
AFM, FM, and PM—another intriguing characteristic of this
complex magnetic phase diagram is the low-temperature
regime where the itinerant-electron metamagnetic compound
La0.85Ce0.15Fe12B6 may be in an AFM, FM, or magnetically
heterogeneous AFM + FM state depending on thermomag-
netic history effects. For instance, when La0.85Ce0.15Fe12B6

is cooled in zero magnetic field from the PM region down to
2 K and subsequently a field of 3 T is applied, the sample
will stay in the pure AFM ground state at 2 K and 3 T. When
cooled from room temperature down to 2 K in an applied

magnetic field of 3 T, the system will cross the AFM-FM
phase boundary and endure a partial AFM → FM magnetic
phase transformation; in such experimental conditions, the
material will stay in the mixed phase (or phase separated)
AFM + FM state.

C. Resistivity and MR

The temperature-dependent electrical resistivity curves
ρ(T ) recorded during warming and cooling between 2.5 and
150 K under various magnetic fields are plotted in Fig. 6(a).
For each isofield ρ(T ) curve, the sample was first slowly
cooled to 2.5 K in zero field. At this temperature of 2.5 K, the
desired magnetic field was applied, and resistivity data were
collected as the system is heated up to 150 K. Subsequently,
the resistivity was measured by cooling the sample from 150
to 2.5 K under the same constant external field. All ρ(T ) plots
display a strongly linear increase in resistivity at high temper-
atures, which is indicative of the metallic character, reflecting
the dominance of the electron-phonon contribution. Such lin-
ear behavior is the general trend in the PM region, whatever
magnetic field strength is used here. In zero magnetic field,
both electrical resistivity functions, heating and cooling, of
La0.85Ce0.15Fe12B6 are practically identical, demonstrating
that the mechanisms responsible for charge-carrier scattering
and their concentration are not affected by the direction of the
temperature change. A small anomaly is found at ≈33 K in the
0 T ρ(T ) curves. In magnetic field of 8 T (6 T), the dramatic
increase in the resistivity at 85 K (77 K) upon heating arises
from transition between the FM (low resistivity) and PM (high
resistivity) phases. These transition temperature values are
in excellent agreement with the Curie points derived from
thermomagnetic measurements. The increase of external ap-
plied field lowers the resistivity around the magnetic ordering
temperature TC because the spin scattering is decreased by
the magnetic-field-induced orientation of the local magnetic
moments. The large anomaly in electrical resistivity in the
vicinity of TC indicates a strong interaction of Fe magnetic
moments with conduction electrons. It is worth recalling that
a similar drop of the resistivity has been reported by Mesquita
et al. [24] on ferromagnetic RCo12B6 isotype compounds.

As it can be clearly seen from Fig. 6(a), the behavior of
the electrical resistivity measured in 1.5 and 3.5 T differs
from that observed in zero and high magnetic fields. The ρ(T )
curves (μ0H = 1.5 and 3.5 T) show a strong divergence be-
tween ZFC and FC data and present an even more interesting
thermal evolution: on heating from the AFM ground state at
2.5 K, the resistivity exhibits a rapid reduction followed by
a plateau, and later, it increases at high temperatures. This
peculiar change in resistivity correlates with the presence of
both high-temperature FM-PM and low-temperature AFM-
FM transitions. The onset of FM ordering is featured by a
large drop in resistivity. The thermal hysteresis accompany-
ing the FM-PM transformation is remarkably large ≈15 K
(μ0H = 1.5 T) and emphasizes the first-order nature of the
phase transition. The pronounced change in resistivity across
the order-order AFM → FM magnetic transformation can be
ascribed to the difference in the strength of the scattering
of the conduction electrons by the AFM and FM magnons
and by the phonons. Our experimental results denote that the
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(a) (b)

FIG. 6. (a) Temperature dependence of the relative electrical resistivity of La0.85Ce0.15Fe12B6 on heating and cooling in various applied
magnetic fields. Both zero-field cooled (ZFC) and field cooled (FC) data are marked by the same symbols. The arrows indicate the direction
of the temperature change. (b) Magnetic field dependence of the transition temperatures.

scattering in the FM structure is smaller than that in the AFM
spin configuration because of a larger magnetic order.

The magnetic ordering temperatures TC and TAFM−FM of
La0.85Ce0.15Fe12B6 are plotted in Fig. 6(b) as a function of
the applied external field. The application of magnetic field
leads to a nearly linear increase of TC at a rate of 4.9 and
6.7 K/T upon heating and cooling, respectively. The other
characteristic features of Fig. 6(b) are large thermal hystere-
sis associated with the transformations and a strong negative
shift of TAFM−FM with applied magnetic field. These results
demonstrate that the magnetic field enhances the FM state.

To probe the correlations between the magnetic degrees of
freedom and charge carriers, the magnetic field dependence
of the resistivity was measured at various fixed temperatures.
Using these data, the MR was assessed as [ρ(μ0H, T ) −
ρ(0, T )]/ρ(0, T ). Isothermal MR curves are plotted in Figs. 7
and 8 at representative temperature intervals. Each isotherm
begins from the virgin state after cooling the sample in zero

FIG. 7. Magnetic field dependence of the isothermal magnetore-
sistance of La0.85Ce0.15Fe12B6 measured at 2.5, 4 and 5 K.

field from the PM state. As follows from Fig. 7, during the
first field increase, the electrical resistivity initially increases
and then exhibits a sharp discontinuity in the same mag-
netic field range where a pronounced stepwise behavior was
observed in the magnetic data. This abrupt and substantial

FIG. 8. Magnetoresistance isotherms of La0.85Ce0.15Fe12B6 at the
indicated temperature ranging from 6 to 30 K (bottom panel), 35 to
55 K (middle panel) and 60 to 70 K (top panel).
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change in the resistivity corresponds to a transformation of
La0.85Ce0.15Fe12B6 from an AFM into a FM phase, as proven
by the magnetization measurements. The resistivity is larger
in the AFM phase when compared with that in the field-driven
FM state. The subsequent decreasing field process shows no
anomalies because the system stays in the forced FM state, as
mentioned above. The compound does not recover the initial
value of the resistivity, and a remanent (nonzero) MR appears
after removal of the external field. The original AFM ground
state and, thus, the initial resistivity value can be restored only
after warming the sample above the FM ordering temperature
and subsequently cooling without an applied magnetic field.
The behavior of the electrical resistivity of La0.85Ce0.15Fe12B6

supports the conclusion that the magnetic-field-induced phase
transition is totally irreversible at very low temperature.

At higher temperatures, the resistivity shows gradual
changes across both AFM-FM and PM-FM transforma-
tions, unlike the steep jumps observed below 6 K. The
MR isotherms display large hysteresis against the magnetic
field scan, which is one of the signatures of a first-order
transition. Moreover, the hysteretic character and the irre-
versible/reversible behavior are strongly dependent on the
temperature range. We exemplify in Fig. 8 the isothermal
MR plots in three different representative temperature inter-
vals: between 6 and 30 K (bottom panel), from 35 to 55
K (middle panel), and T � 60 K (top panel). In the AFM
phase, below 35 K, the MR ratio is small at low magnetic
fields but strikingly decreases above the critical field as the
system undergoes a phase transition to the FM state, and a
giant negative MR effect is observed. The MR associated with
the field-induced first-order AFM-FM metamagnetic phase
transformation is estimated to be MR = −73% at 20 K. No
transition is detected in the decreasing field scan, and the
electrical resistivity remains nearly constant down to the zero
magnetic field point, clearly pointing out the irreversible na-
ture of the magnetic transition below 35 K. In the temperature
range from 35 to 55 K, the decreasing field curve deviates
from the pure FM character, and a metamagneticlike transition
takes place at lower field, giving rise to a clear hysteresis be-
tween both magnetic field processes. From ∼35 to ∼55 K, the
PM-FM phase transition is partially reversible; a fraction of
the sample recovers the PM state when the applied field is re-
duced to zero. In other words, both irreversible and reversible
magnetic transformations exist in this temperature interval.
Beyond 60 K, the magnetic-field-induced metamagnetic trans-
formation becomes completely reversible but accompanied
with a hysteresis.

As discussed in our previous paper [15], field cooling alters
the relative fraction of the different magnetic phases—AFM,
FM, and PM. By analogy to the magnetic data, we investigated
the influence of the magnetic field strength applied during
cooling on the electrical resistivity. For these experiments, the
sample was cooled in magnetic field (μ0H > 0) from high
temperatures (PM region) down to the measurement temper-
ature. After stabilizing the desired temperature, the cooling
field was removed, and then the resistivity was recorded sub-
sequently as a function of magnetic field up to 8 T and back
to zero field. The corresponding MR results are illustrated in
Fig. 9 for some selected temperatures of 2.5, 8, and 45 K
after various field cooling procedures (between 0 and 8 T). At

FIG. 9. Isothermal magnetoresistance of La0.85Ce0.15Fe12B6 at
some selected temperatures of 2.5 K (bottom panel), 8 K (middle
panel), and 45 K (top panel) taken after cooling the sample in differ-
ent magnetic fields.

2.5 K, such a magnetic field cooling process reduces the low-
field resistivity due to the increase of the FM concentration in
the sample at the expense of the AFM component. The critical
field at which the step transition occurs is fully controlled by
the FM phase content. Field cooling shifts the resistivity jump
to higher magnetic fields. Cooling in an adequately high exter-
nal field transforms the system into a fully FM polarized state,
suppressing the sharp step. At 8 K (45 K), the transition field
of the AFM-FM (PM-FM) transformation is hardly changed
upon field cooling; however, the thermomagnetic history of
the sample strongly affects the fraction of the FM phase and
the low-field MR.

Considering the metastability of the different magnetic
phases and the anomalous features observed in the data re-
ported above, we further probe time-dependent phenomena
(relaxation effect) to study more directly the dynamics of the
resistivity abrupt change. The resistive relaxation measure-
ments have been undertaken at 2.5 K and in magnetic fields
slightly below and above the transition field corresponding to
the steep jump seen in the MR isotherm. Prior to these time
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FIG. 10. Time dependence of the magnetoresistance recorded at
the indicated applied fields for La0.85Ce0.15Fe12B6 at 2.5 K.

dependence measurements, the sample was cooled from 300
to 2.5 K in the absence of applied magnetic field. After the
measurement temperature of 2.5 K is stabilized, a magnetic
field is applied, and then the electrical resistivity is recorded
vs time (duration of 7200 s). The same experimental protocol
was repeated several times applying various fields in steps of
0.1 T, and the results are shown in Fig. 10. For an applied mag-
netic field of 4 T, the curve displays giant resistive relaxation
effects. The MR decreases abruptly from 2.5 to −57%, owing
to a sudden formation of FM domains at the expense of the
AFM phase. One can also emphasize that the spectacular and
ultrasharp resistivity step occurs over a period smaller than
the time interval separating two consecutive measurement
points, i.e., <40 s (which is required for averaging). The most
salient feature in the present data is the huge spontaneous
jump in electrical resistivity at a well-defined time when both
external parameters (magnetic field and temperature) are kept
constant. The transition time (incubation time) is found to be
∼3260 s in μ0H = 4 T. Remarkably, this exceptional resistive
relaxation effect found in the La0.85Ce0.15Fe12B6 intermetallic
compound exhibits a similarity to the peculiar behavior seen
in standard martensitic transitions. The time dependence of
the electrical resistivity for the Fe-31.7 at. % Ni alloy [35]
strikingly resembles Fig. 10, i.e., a sudden step is detected
after an incubation time of 1020 s.

Although the spontaneous step is seen on both resistive and
magnetic relaxation data for the La0.85Ce0.15Fe12B6 system,
nevertheless, there is a discrepancy in the incubation time. The
transition time differs from 3260 to 3810 s for resistive and
magnetic [15] isothermal holding, respectively. This clearly
demonstrates that the characteristic time associated with the
sharp discontinuity is not a material constant. The phenome-
nal relaxation observed at 4 T is reminiscent of an explosive
instability where the resistivity of the system endures a colos-
sal change in a very short time interval [36]. The consistence
seen in the magnetotransport and magnetic properties obvi-
ously reveals the strong coupling between charge and spin
degrees of freedom in the La0.85Ce0.15Fe12B6 compound.

FIG. 11. Diffraction patterns measured at 25 K in magnetic fields
of 0 and 4 T for the La0.85Ce0.15Fe12B6 compound. Only the low
angle part (from 14 ° to 23 °) of the diffraction pattern is shown to
better illustrate development of phases with applied magnetic field.

D. X-ray powder diffraction in applied magnetic fields

The observation of anomalous features and multiple
magnetic transitions by resistivity and magnetization char-
acterizations urged us to carry out x-ray powder diffraction
investigations to establish the crystallographic structures of
La0.85Ce0.15Fe12B6 under various duplicated magnetic field
and temperature conditions. Along with zero-field experi-
ments, x-ray diffraction spectra were measured in a constant
applied magnetic field at temperatures ranging from 15 and
100 K. The diffractograms recorded at 25 K in applied fields
of 0 and 4 T are displayed in Fig. 11. For the sake of clarity,
only the region from 14 ° to 23 ° 2θ is depicted. Inspecting
Fig. 11, one can immediately observe big differences be-
tween the diffraction profiles at zero magnetic field and under
applied field. In 4 T external field, the x-ray powder diffrac-
tion pattern is significantly modified with the appearance of
new Bragg peaks, revealing the presence of a magnetic-field-
induced structural transition. At 25 K and 4 T, two structurally
distinct La0.85Ce0.15Fe12B6 phases coexist, which is consistent
with the first-order character of the transformation.

The Rietveld refinement of the complete diffractogram
measured at 25 K in 4 T magnetic field is illustrated in Fig. 12.
At 0 T (see Fig. 1) in the AFM ground state, as previously
mentioned, the diffraction pattern of the compound reflects
the pure rhombohedral structure adopting the R3̄m symmetry
group (from now on called the Rhom phase). The additional
Bragg reflections seen in the 4 T x-ray diagram can be indexed
in a monoclinic lattice with the C2/m space group (Mono
phase). A good structure refinement was achieved in the C2/m
symmetry group. According to the International Tables for
Crystallography, all of the listed maximal nonisomorphic sub-
groups for the R3̄m crystal symmetry group are trigonal except
C2/m. This monoclinic space group symmetry fits very well
the high field diffraction data and is employed to describe the
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FIG. 12. Rietveld refinement of the x-ray powder diffraction
pattern collected at 25 K in magnetic field of μ0H = 4 T for the
La0.85Ce0.15Fe12B6 compound. The observed (red dots) and calcu-
lated (black lines) patterns are shown. The blue line represents the
difference Iobs − Icalc. The vertical bars (olive) indicated positions of
Bragg peaks for the different phases.

observed structural distortion. Consequently, it is likely to be
the correct high magnetic field crystallographic structure of
the La0.85Ce0.15Fe12B6 intermetallic compound. Such a field-
induced lattice distortion lowers the symmetry of the unit cell
from trigonal to monoclinic, i.e., a spontaneous loss of the
threefold symmetry in the ab basal plane. The x-ray powder
diffraction analyses reveal a change of the lattice symmetry
across the magnetic-field-induced first-order AFM-FM trans-
formation, in other words, a magnetostructural or coupled
crystallographic-magnetic transition from a Rhom (AFM) to
a Mono (FM) phase. The structural parameters and reliability
factors derived from the fits at 25 K in 0 and 4 T are given
in Table I. Temperature-dependent x-ray powder diffraction
measurements were also undertaken at 2 T between 15 and
100 K; the obtained results were consistent with those at 4 T.

Let us briefly describe the relationship between the
monoclinic and rhombohedral lattices. The crystal lat-
tice vectors of the two settings are connected according
to aMono = − 1

3 aRhom + 1
3 bRhom − 2

3 cRhom; bMono = aRhom +
bRhom; cMono = 1

3 aRhom − 1
3 bRhom − 1

3 cRhom; so that bMono =
aRhom, and the rhombohedral crystallographic structure is de-
scribed in the hexagonal triple cell. In the monoclinic crystal
structure (space group C2/m), La/Ce atoms occupy one sin-
gle Wyckoff position (2c), the Fe atoms are located on four
inequivalent crystal sites (Fe1A in 4i, Fe1B in 8 j, Fe2A in
8j, and Fe2B in 4g), and B atoms reside on two inequivalent
positions (B1 in 4i and B2 in 8 j). The monoclinic unit cell
contains 2 f.u., and altogether it is composed of 38 atoms
(24 Fe, 12 B, and 2 La/Ce). The relationship between the
two crystallographic arrangements is that each of the three
18-fold positions from the rhombohedral crystal structure,
which are initially occupied by 18 B and 2 × 18 Fe, are
split into pairs of independent eightfold and fourfold positions

FIG. 13. Temperature dependence of the cell volume per for-
mula unit for La0.85Ce0.15Fe12B6 (both rhombohedral and monoclinic
phases) derived from x-ray diffraction measurements during heating
and cooling in μ0H = 4 T applied magnetic field.

in the monoclinic atomic arrangement. The threefold site in
the rhombohedral crystal system yields a twofold site in the
monoclinic lattice.

The relationship between the rhombohedral (in hexagonal
setting) and monoclinic cell volumes is as follows: VMono

(C2/m) = 2
3VRhom (R3̄m). To directly compare the volumes

of the two different atomic arrangements, we normalized their
cell volumes to a chemical formula since Z differs from one
crystal structure to another. The thermal evolution of the
normalized volumes in 4 T is reported in Fig. 13 including
the data upon heating and cooling. In an applied magnetic
field of 4 T, the intermetallic compound La0.85Ce0.15Fe12B6

presents an incomplete structural transition from a rhombo-
hedral (AFM, PM) to a monoclinic (FM) lattice; both crystal
structures coexist over a wide temperature range. At the low-
est measurement temperature (15 K), the application of a 4 T
magnetic field triggers ∼80% of the structural alteration, and
the relative volume change associated with the field-driven
magnetostructural transition amounts to 0.88%. At 65 K, the
volume of the induced FM (Mono) phase is 0.89% larger than
that of the PM (Rhom) one. The relative volume variations
at the AFM-FM and FM-PM magnetic transitions are almost
the same. The onset of the FM order in La0.85Ce0.15Fe12B6 is
characterized by a symmetry-lowering lattice distortion and a
simultaneous volume expansion. Figure 14 presents the ther-
mal dependence of the monoclinic structural parameters. The
cell dimensions vary slowly at low temperatures and show
larger changes in the vicinity of the transition temperature.
One can observe an extremely anisotropic cell expansion:
the lattice expands along the b direction, while it contracts
along the other two principal crystallographic a and c axes.
Moreover, the lattice parameters a, b, and c, and the angle β

exhibit a large temperature hysteresis.
Figure 15 represents the evolution of the fractions of the

monoclinic (upper panel) and rhombohedral (lower panel)
phases with temperature upon warming and cooling in μ0H =
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FIG. 14. Temperature dependence of the lattice parameters a, b, and c, and Bragg angle β of the monoclinic phase determined from x-ray
powder diffraction measurements during heating and cooling in μ0H = 4 T applied magnetic field.

2 and 4 T. From these results, it is obvious that the ratio
between the rhombohedral and monoclinic phases depends
strongly on the strength of the applied magnetic field. A
huge thermal hysteresis of 15 K exists between ZFC and FC
measuring protocols in 4 T. The behavior seen in Fig. 15
follows from a competition between the growth of the Mono
(FM) phase as the temperature is lowered and the reduc-
tion of the Rhom (AFM, PM) proportion. The transition is
incomplete upon cooling in 2 T with 40% of the rhombo-
hedral La0.85Ce0.15Fe12B6 transformed into the monoclinic
polymorph at 15 K. In 2 T applied magnetic field, the
rhombohedral allotrope remains the majority phase over the
investigated temperature interval. The sample gets trans-
formed partially into the monoclinic phase, which becomes
dominant (∼80%) in 4 T at 15 K. When heated and cooled
in external fields of 2 and 4 T, La0.85Ce0.15Fe12B6 presents
crystallographic inhomogeneity or structurally heterogeneous
state (coexistence of polymorphs) below the Curie point.
Above this temperature, the system adopts rhombohedral
structure and recovers homogeneity. Similar structurally and
magnetically inhomogeneous states were also observed in
some intermetallic systems like Gd5(SixGe1−x )4 [9,10,37,38],
Si-doped CeFe2 [39], MnAs [1,40], and generally found
in the colossal magnetoresistive manganese-based per-
ovskites, where they are often called phase-segregated states
[41,42].

The weighted average cell volume in 2 and 4 T is plotted
against temperature in Fig. 16. The mean volume displays a
transition accompanied by a temperature hysteresis which is
consistent with a first-order phase transition. The reduction
(growth) of the content of the monoclinic polymorph and the
growth (reduction) of the concentration of the rhombohedral
phase during heating (cooling) leads to a reduction (increase)
of the average volume. For an applied magnetic field of 4 T,
the weighted mean cell volume presents a negative thermal

expansion (NTE) phenomenon over the temperature interval
between 35 and 80 K with an average volumetric thermal
expansion coefficient αV = −195 × 10–6 K–1. This huge NTE
effect originates from the strong magnetolattice coupling. It
is worth noting that our experimental volumetric NTE coeffi-
cient compares well with the giant negative thermal expansion
reported in (Hf, Ta)Fe2 itinerant-electron metamagnets (αV =
−164 × 10–6 K) [43,44] and is on the same order of mag-
nitude as the colossal NTE observed in Mn0.98CoGe (αV =
−423 × 10–6 K–1) [45] and Bi0.95La0.05NiO3 (αV = −413 ×
10–6 K–1) [46].

The thermomagnetic behavior of Fig. 1 may be di-
rectly correlated with the phase fractions derived from
Rietveld refinements of the x-ray powder diffraction pat-
terns by comparing the normalized magnetization data with
the concentration of the monoclinic La0.85Ce0.15Fe12B6. The
compilation of the results of x-ray diffraction studies and
magnetic measurements is presented in Fig. 17. The change
of the monoclinic phase content with temperature agrees
well with the percentage of the FM phase obtained from
magnetization in the same applied fields and confirms the
intimate coupling between magnetic ordering and the crystal
structure in this intermetallic compound. However, there are
small discrepancies in values between the magnetic and x-ray
powder diffraction data, which we attribute to arise from the
following reasons: (i) the magnetization normalization yields
some errors due to incompleteness of the transformation and
(ii) the intrinsic difference between the magnetization and
x-ray diffraction experiments. In the magnetization measure-
ment, a recorded signal reflects the alignment of magnetic
moments and magnetic domains, as well as a structural
change, while x-ray powder diffraction is only sensitive to
a structural alteration. Furthermore, the PM and AFM states
have nonzero magnetizations in nonzero external magnetic
fields.
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FIG. 15. Temperature dependence of the phase fractions
of both rhombohedral and monoclinic crystal structures of
La0.85Ce0.15Fe12B6 as determined from x-ray powder diffraction
measurements during heating and cooling in μ0H = 2 and 4 T
applied magnetic fields.

FIG. 16. Temperature dependence of the mean cell volume per
formula unit determined from x-ray powder diffraction measure-
ments during heating and cooling in μ0H = 2 and 4 T applied
magnetic fields.

FIG. 17. Temperature dependence of the concentration of the
monoclinic phase of La0.85Ce0.15Fe12B6 as determined from x-ray
powder diffraction (symbols) and magnetization (lines) measure-
ments during heating and cooling in μ0H = 2 and 4 T fields.

To further elucidate the lattice response at the meta-
magnetic transition seen in both magnetization and MR
isotherms and as well to get a deeper insight into the cor-
relations between the structural and magnetic properties of
La0.85Ce0.15Fe12B6, the magnetic field dependence of the
crystal structure was examined at a fixed temperature of
25 K (x-ray isotherm). For this experiment, the sample was
thermally demagnetized at room temperature and zero-field
cooled down to 25 K. Thereafter, the field was increased be-
tween 0 and the maximum attainable value of 5.5 T at regular
steps and diffraction patterns measured at every magnetic field
step. The diffraction peaks, which correspond to the mon-
oclinic crystal structure, emerge at μ0H � 0.5 T. When the
applied field increases, the intensities of the Bragg reflections
corresponding to the rhombohedral phase are reduced, while
those of the Bragg peaks of the monoclinic polymorph are
increased. In the magnetic field range between 0.5 and 5.5 T,
no other changes, except for the progressive reapportionment
of intensities of the diffraction lines belonging to the two
distinct La0.85Ce0.15Fe12B6 polymorphs, are detected in the
x-ray spectra.

The magnetic field dependence of the normalized cell
volumes at 25 K is presented in Fig. 18(a). The Rietveld
analysis of the x-ray isotherm indicates that the variations of
the structural parameters of each allotrope during isothermal
magnetization are very small; hence, the unit cell volumes
of both phases are nearly field independent. However, the
magnetostriction due to the crystallographic transition from
Rhom to Mono is large. The cell volume of the Rhom
phase is significantly smaller than that of the Mono phase.
The maximum forced volume magnetostriction related to
the Rhom (AFM)-Mono (FM) magnetostructural transfor-
mation is estimated to be 0.9% at 25 K and 5.5 T. The
magnitude of the volume change in La0.85Ce0.15Fe12B6 com-
pares well with the isotropic forced volume magnetostriction
across the magnetic-field-induced metamagnetic transition

104401-12



MAGNETIC-FIELD-INDUCED STRUCTURAL PHASE … PHYSICAL REVIEW MATERIALS 5, 104401 (2021)

(a) (b)

FIG. 18. Magnetic field dependence of the (a) cell volume per chemical formula for La0.85Ce0.15Fe12B6 and (b) phase fractions of both
rhombohedral and monoclinic crystal structures determined from x-ray powder diffraction measurements at 25 K.

in iron-rich intermetallic systems such as La(FexAl1−x )13

[47] and La(FexSi1−x )13 [48]. Indeed, a relative volume
variation as large as 1% was observed in the pseudobi-
nary La(Fe0.87Al0.13)13 alloy [47]. Volume magnetostrictions
of 0.9 and 1.5% were reported for La(Fe0.86Si0.14)13 and
La(Fe0.88Si0.12)13, respectively [48]. Figure 18(b) illustrates
the field evolution of the proportion of each phase at 25 K,
and the corresponding weighted mean cell volume is plotted
in Fig. 19. Upon increasing applied magnetic field, the amount
of the Mono (FM) component gradually grows with the si-
multaneous decrease of the Rhom (AFM) phase. At a field of
≈2.25 T, the volume fraction of the two polymorphs is close to
1:1 ratio, a structurally and magnetically heterogeneous state.
At the highest applied magnetic field of 5.5 T, 91% of the
rhombohedral structure is converted to the Mono phase. At
25 K, the average volume follows the changes of the con-
centration of the Mono phase. In the present compound, the
magnetic field promotes the development of the high-volume
FM phase.

FIG. 19. Magnetic field dependence of the mean cell volume per
chemical formula determined from powder diffraction measurements
at 25 K for La0.85Ce0.15Fe12B6.

The relative variation of the weighted mean volume is
presented in Fig. 20 together with the isothermal magneti-
zation data collected at 25 K. Both curves show nearly the
same behavior: the average cell volume increases quickly
as the magnetization undergoes a magnetic transition. The
metamagnetic process is unmistakably visible in the rela-
tive change of the mean volume. These data demonstrate
that the metamagnetic transition is accompanied by large
magnetovolume effects and shed light on the strong cou-
pling between the crystal and magnetic lattices. The mag-
netic field stimulates a transformation from a low-volume,
low-magnetization to a high-volume, high-magnetization
phase.

E. Discussion

The experimental results presented in Secs. III B and III C
reveal that the magnetic and magnetotransport behaviors of
La0.85Ce0.15Fe12B6 are most interesting at very low tempera-
ture where the magnetization and MR isotherms display steep
jumps. It is essential at this juncture to consider the issue of
the origin of these sharp discontinuities. It is quite evident that

FIG. 20. Magnetic field dependence of the relative volume
change and the magnetization at 25 K of La0.85Ce0.15Fe12B6.
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the steplike transition phenomena observed in the itinerant-
electron system La0.85Ce0.15Fe12B6 are not purely magnetic
in origin, yet they have a contribution from the strong mag-
netoelastic coupling. Even though several explanations have
been suggested for these unusual and anomalous features in
oxides and intermetallics, the most plausible one appears to
be a scenario based on the martensiticlike effect stimulated by
external magnetic field [49–51].

Let us depict the occurrence of avalanchelike metam-
agnetic transitions in the magnetization and MR curves
within the framework of such a martensiticlike process. Here,
La0.85Ce0.15Fe12B6 exhibits an AFM ground state with a
rhombohedral crystal structure. However, with the applica-
tion of a suitable magnetic field, the FM phase (monoclinic
cell) develops as a function of temperature, field, as well as
time inside the AFM matrix. The magnetic-field-driven lattice
distortion (martensiticlike transition) between the rhombo-
hedral and monoclinic crystallographic structures generates
elastic strains at the AFM/FM interfaces. Upon applying
magnetic field, FM regions are likely to grow, but the in-
terfacial (martensitic) constraints act against this to block
the development of the FM domains. Since the external ap-
plied field is gradually increased, the driving force acting
on the magnetic moments raises as well. When the mag-
netic force is strong enough to overcome the elastic strain
energy, the FM component evolves in a catastrophic manner,
leading to an abrupt change of magnetization and resistivity.
Consequently, the overall transition proceeds by successive
sudden jumps separated by plateaus. These ultrasharp steps
seen in the resistivity and magnetization data can be consid-
ered as a burstlike growth of the FM component within the
AFM matrix. The field-induced structural distortion which
is driven by magnetoelastic coupling, is likely responsi-

ble for the stepwise transitions in the La0.85Ce0.15Fe12B6

alloy.

IV. CONCLUDING REMARKS

We have performed a detailed study of the structural,
magnetic, and transport properties of La0.85Ce0.15Fe12B6 as
a function of temperature, magnetic field, and time. Mul-
tiple steplike metamagnetic transitions were observed at
low temperatures. X-ray powder diffraction indicated that
the first-order AFM-FM and PM-FM phase transformations
are associated with a symmetry-lowering rhombohedral-
to-monoclinic structural transition. The magnetic state is
intimately related to its crystallography: the AFM and PM
states adopt the rhombohedral structure (R3̄m) but the mon-
oclinic symmetry (C2/m) is associated with the FM order.
This simultaneous magnetic-crystallographic transformation
is accompanied by large magnetoelastic and giant negative
MR effects. A peculiarly anisotropic thermal expansion and
giant NTE effect with a volumetric thermal expansion coeffi-
cient αV = −195 × 10–6 K–1 were found. At constant applied
magnetic field and temperature, a colossal spontaneous MR
jump occurs after a very long incubation time of ∼3260 s.

Magnetic-field-dependent neutron powder diffraction ex-
periments are planned in the near future to establish the
magnetic structure of the FM (monoclinic) phase and to gain
a deeper understanding of the coupling between the magnetic
and crystal lattices in this itinerant-electron metamagnetic
compound. The field-induced crystallographic transition re-
ported in this paper may turn out to be key in deciphering
future electronic band structure calculations and theoretical
studies of the physical properties of this intriguing system.
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