
PHYSICAL REVIEW B 91, 224420 (2015)

Structural-modulation-driven spin canting and reentrant glassy magnetic phase
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Unusual behavior of reentrant spin-glass (RSG) compound Lu2MnNiO6 has been investigated by magnetometry
and neutron diffraction. The system possesses a ferromagnetic (FM) ordering below 40 K and undergoes a RSG
transition at 20 K. Additionally, Lu2MnNiO6 retains memory effect above the glassy transition till spins sustain
ordering. A novel critical behavior with unusual critical exponents (β =∼ 0.241 and γ ∼ 1.142) is observed that
indicates a canting in the spin structure below the ferromagnetic transition (TC). A comprehensive analysis of
temperature-dependent neutron diffraction data and first-principles calculations divulge that a structural distortion
induced by an octahedral tilting results in a canted spin structure below TC .
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In the past few decades, spin frustration in magnetic systems
has gotten immense interest for fundamental understanding as
well as ultimately in practical applications [1–11]. Reentrant
spin-glass (RSG) systems are of particular interest in this
regard where competing ferromagnetic (FM) and antiferro-
magnetic (AFM) interactions lead to unusual behaviors. A
RSG possesses a long-range FM or AFM ordering at high
temperature and upon cooling undergoes a glassy transition at
a lower temperature [12–14]. It is understood that at the glassy
transition, the FM and AFM strengths come to an equivalent
order and spins become frustrated. But its detail mechanism
is an open question and is under investigation. Numerous
experimental [15] as well as theoretical [16] investigations
were undertaken to establish the origin of low-temperature
glassiness. It was predicted that the competing interaction of
short-range FM and long-range RKKY type leads to a canted
spin structure, resulting in RSG behavior of Au-Fe alloys
[17–19]. In itinerant FM SrRuO3, structural modulation
driven by the octahedral tilting provokes the low-temperature
glassiness [20]. In rare-earth (R) double perovskites, lattice
distortion adds another level of complexity. With the decrease
in R-site ionic radius, internal pressure increases and oc-
tahedral tilting results in concurrent reduction in exchange
magnetic interaction [21,22]. The spin-orbit interaction (SOI)
also has an important role in this regard [23].

We report the results of a new RSG perovskite compound
Lu2MnNiO6 (LMNO), where the giant octahedral distortion
induced by the smallest of rare-earth ions, Lu, helps us to
reveal the hidden interactions in perovskite RSG compounds.
This material shows a FM ordering below ∼40 K and
undergoes a RSG transition at ∼20 K. This article describes
a comprehensive investigation of magnetometry, memory,
critical behavior, temperature-dependent neutron diffraction,
and first-principles theoretical calculation concerning the
anomalous RSG behavior in Lu2MnNiO6.

Polycrystalline LMNO samples have been prepared by
standard nitrate decomposition method using Lu2O3, MnO2,
and NiO precursors. After dissolving all the constituents in
concentrated HNO3, the mixture was calcined at 400 °C.

The solid residue was heated to 1000 °C with intermediate
grinding and annealing. The phase formation was monitored
at different stages of sample preparation by powder x-ray
diffraction (XRD) using a Bruker D8 Advance diffractometer
with Cu Kα radiation. Neutron diffraction (ND) experiments
were performed using the neutron powder diffractometer
(λ = 1.2443Å) with five linear position-sensitive detectors at
Dhruva reactor, Bhabha Atomic Research Centre, India. dc
magnetization measurements were carried out using a quantum
design 14 T physical property measurement system (PPMS)
and ac susceptibility in a commercial CryoBIND system down
to 4.2 K in the frequency range, 9 Hz to 10 kHz.

The crystallographic details were analyzed using the
Rietveld refinement of the ND patterns at various temper-
atures using the FULLPROF program suite [24,25]. The
compound crystallizes in the monoclinic P 21/n space group.
At 300 K, the lattice parameters a, b, and c were derived as:
5.1451(6) Å, 5.5149(6) Å, and 7.4044(8) Å, respectively,
with angle ß = 90.32(1)◦. The magnetic ions (Ni and Mn)
are situated in the Ni/MnO6 octahedral environment. The
NiO6 and MnO6 octahedra arrange alternatively along the
three crystallographic directions. Due to the small size of
Lu3+ cation, both Ni and Mn octahedra are found to be titled
in all three directions. The detailed analysis is presented in
Appendix A. Pictorial representations of the crystal structure
are presented in Fig. 1.

Temperature-dependent, field-cooled (FC), and zero-field
-cooled (ZFC) magnetization (MFC and MZFC) at 50
Oe applied dc magnetic field is illustrated in Fig. 2(a).
Brillouin-like behavior in MFC(T ), classifies LMNO
as a ferromagnet till the lowest temperature. A linear
Curie-Weiss fit in the paramagnetic region of the inverse dc
susceptibility (χdc

−1) [top inset of Fig. 2(a)] confirms the
absence of any high-temperature ordered magnetic phase.
The M–H loop [bottom, inset of Fig. 2(a)] recorded at
2 K and field up to 14 T signifies the soft FM behavior
of the compound [coercive field, HC = 501 Oe] with
saturation magnetization, MSM = 2.2 μB/FU. Figure 2(b)
displays the temperature dependence of zero-field-cooled
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FIG. 1. (Color online) (a) Octahedral tilting in Lu2MnNiO6 crys-
tal structure generated from the refinement of room-temperature
neutron diffraction pattern. (b) The checkerboardlike arrangement
of MnO6 and NiO6 octahedra within the ab plane.

in-phase [χ ′(T ); inset] and out-of-phase [χ ′′(T )] components
of ac susceptibility χac with probing ac field of Hac = 0.17 Oe.
TC is found to be at 40.01 K, and upon further cooling, a hump
appears around Tf = 25 K. The effect is observed to be more
prompt in χ ′′(T ). It is evident that Tf shifts to a higher value
with increasing frequency of Hac. The spin-flip time is derived
to be 4.20(36) × 10−4s (for detailed analysis see Appendix B).
Also, on imprinting a dc biasing field (Hdc), amplitude of TC

falls sharply with increasing Hdc [Fig. 2(c)], as expected for
FMs. But a minor variation happens at Tf . Tf shifts to a lower
value with the increase in Hdc [Fig. 2(c) inset]. It is likely that

FIG. 2. (Color online) (a) Temperature-dependent FC and ZFC dc magnetization at 50 Oe applied field. Upper inset illustrates the
corresponding inverse dc susceptibility (χdc

−1) with straight line fit. The lower inset displays the hysteresis loop at 2 K. (b) χ ′′(T ) at
various frequencies of Hac. Inset presents χ ′(T ) at Hac= 0.17 Oe and frequency, 420 Hz. (c) dc biasing effect of χ ′′(T ). The inset shows the
corresponding zoomed-in view around the Tf in normalized scale. (d) Result of memory experiment with halting temperature: Thalt = 35 K and
waiting time: tw = 2 h. The inset illustrates the difference (�χ ′′ = χ ′′

mem − χ ′′
ref ) at 13, 18, and 35 K.

the strong Hdc hinders the random freezing process and thereby
shifts Tf to a lower value. All experimental observations
clearly evidence LMNO as a RSG compound. To understand
more about this a competing FM and AFM interactions
memory experiment was performed in the same protocol as
explained earlier [4,5,12]. A dip in the memory experiment
[χ ′′

mem(T )] at the halting temperature [Thalt] evidence the
memory effect in LMNO. The difference of χ ′′

mem(T ) and
reference measurement, χ ′′

ref(T ) is presented in the inset of
Fig. 2(d). It is striking that LMNO shows an unusual behavior
where memory exists above Tf also. This suggests that
an AFM interaction induces in the system along with the
dominant FM ordering below TC. Due to this vying effect
of FM and AFM interaction, the system possesses memory all
over below TC .

We performed the critical behavior study around the
corresponding TC [266] to understand the nature of the
magnetic interaction in LMNO. For this, we recorded 20 M(H )
isotherms in the temperature window 28–52 K with field
up to 14 T. It is significant to note that the scaled plot
according to the Arrott method [27] (M2 vs H/M) does
not show progressive parallel lines, which suggests that the
magnetic interaction in LMNO is not the mean-field type.
So, a modified Arrott plot was used to determine the critical
exponents, which follow the Arrott-Noaks equation of state
as: (H/M)1/γ = Aε + B(M)1/β , where A and B are constants
[26,27]. The spontaneous magnetization (MS) below TC and
initial susceptibility (χ0) above TC are first calculated from
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FIG. 3. (Color online) (a) Magnified view of the modified Arrott plot isotherms [M1/β vs (H/M)1/γ ] for Lu2MnNiO6 in 5–14 T range
with T = TC isotherm passing through the origin. (b) Temperature dependence of the spontaneous magnetization [MS(T )] and inverse initial
susceptibility [χ0

−1(T )] [obtained from Arrott plot (a)] with power-law fittings. (c) The corresponding Kouvel-Fisher plot for Lu2MnNiO6

critical behavior. (d) Critical M(H ) isotherm close to the TC in log-log scale with the straight line as linear fit. Inset illustrates a scaling plot of
the M(H) isotherms below and above TC in log-log scale with β and γ obtained from (c).

the Arrott plot through simple extrapolation of the high field
data. β and γ are estimated from the power-law fit of MS(T )
and χ0

−1(T ) respectively. Subsequently, a modified Arrott
plot was constructed. A self-consistent method was employed
to obtain a set of optimum values of β and γ so that the
M1/β vs (H/M)1/γ plots [Fig. 3(a)] form parallel straight lines
with the isotherm T = TC passing through origin. The critical
exponent values match very well with those calculated from the
power-law fitting. The TC+ and TC− are identical as illustrated
in Fig. 3(b). Only the high field data (5–14 T) was considered
for this analysis where all FM domains are aligned in the
applied field direction. For a precise determination of the
exponents and verification of the TC , the Kouvel-Fisher (KF)
method [28] was also utilized. β and γ calculated from the
slope of the temperature dependence of MS(dMS/dT )−1 and
χ0

−1(dχ0
−1/dT )−1 are: 0.241(3) and 1.142(3), respectively

[Fig. 3(c)]. The critical exponent δ is estimated from the
M(H ) isotherm at T = TC , which follows the equation of
state as M(H,TC) = C(H )1/δ , C is critical amplitude. The
linear fit to the plot in log-log scale is shown in Fig. 3(d)
and yields δ = 5.77(3). This conforms to the δ calculated
using the exponents from Fig. 3(c) and the scaling law,
δ = (1 + γ /β) = 5.74. According to the scaling hypothesis
[26], the scaling plot in the inset of Fig. 3(d) confirms that the
calculated critical exponents are intrinsic to the system and
unambiguous.

To resolve the class of magnetic interaction in LMNO,
different exponents obtained in the present work along with

results of referred theoretical models [26] are compared in
Table I. It is evident that the critical exponents for LMNO don’t
match with any of the conventional theories such as the mean-
field, 3D Heisenberg, or 3D Ising. Rather, they are in good
agreement with those calculated for the magnets possessing
the 3D version of (Z2 × S1) symmetry [29]. Symmetry of
this kind represents the canted FM structure similar to the
first molecular ferromagnet Fe[S2CN(C2H5)2]2Cl [30–32].
This strongly suggests that the spin arrangement in LMNO
is canted FM.

The microscopic spin arrangement is determined from
the Rietveld refinement of the neutron thermodiffractograms.
Figure 4(a) illustrates the temperature-dependent ND patterns
in the range 6–50 K. The magnetic contribution is marked
by an increase in the intensity of fundamental Bragg peaks
at ∼19o and 27.3o below 30 K. The magnetic peak at 19o

TABLE I. Comparison of critical exponents calculated for
Lu2MnNiO6 with different theoretical models.

Material β γ δ

Lu2MnNiO6 0.241(3) 1.142(3) 5.77(3)
Mean-field theory 0.5 1.0 3.0
3D Heisenberg model 0.365 1.386 4.8
3D Ising model 0.325 1.241 4.82
3D (Z2 × S1) model 0.25(1) 1.13(5) 5.47(27)
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FIG. 4. (Color online) (a) Neutron diffraction (ND) patterns at
6, 10, 15, 20, 30, 40, and 50 K with the highlighted peaks having
magnetic contribution. (b) Canted ferromagnetic spin arrangement
of Mn4+ and Ni2+ generated from the Rietveld refinement of the
6 K ND pattern. (c) Temperature dependence of the refined ordered
magnetic moment extracted from ND. The corresponding inset
presents the temperature dependent angle (θ ) for the magnetic ions.
(d) Temperature variation of the monoclinic angle (ß), extracted from
the ND patterns.

is indexed with (110) and (002) whereas, the 27.3o peak
is associated with (112) and (–112) of monoclinic P 21/n

unit cell. There is no satellite magnetic Bragg peak. This
implies the presence of a FM-type ordering. The bond valence
sum (BVS) calculation yields 2+ and 4+ as the oxidation
states of Ni and Mn, respectively. The magnetic refinement
is carried out considering the magnetic form factors of Ni2+
and Mn4+ ions. A model with a canted FM structure best
fits the measured magnetic pattern. A schematic of this spin
arrangement at 6 K is pictured in Fig. 4(b). All spins within a
given sublattice [Ni (2a) and Mn (2b)] order ferromagnetically,
but form an angle with spins in the other sublattice. The
spins for both the sublattices lie in the bc plane and tilt
with respect to the crystallographic c axis (θ ∼ 30 − 60o).
The temperature-dependent θ values for both the sublattices
are shown in the inset of Fig. 4(c). The difference in the θ

values represents the spin canting, which remains finite down
to 6 K [inset of Fig. 4(c)]. This reveals that the canted spin
structure is stable down to the lowest measured temperature.
The temperature dependences of the refined ordered magnetic
moments of Mn4+(3d3) and Ni2+(3d8) are plotted in Fig. 4(c).
As the sample is cooled, the moment increases following a
Brillouin-like behavior and saturates at low temperature. It is
found that the ordered moment values for both Mn and Ni ions
at 6 K[2.24(26) μB/Mn and 1.04(22) μB/Ni, respectively]
are quite small as compared to the theoretically predicted
spin-only ordered moment values (3 μB/Mn and 2 μB/Ni,
respectively). This indicates the presence of competing FM
and AFM interactions in the system. Such reduced moments
are comparable to those of Co and Os ions in Sr2CoOsO6

as observed by Yan et al. [33]. Here, the average effective
moment (seen by neutron diffraction) undergoes magnetic

long-range order at 108 K with reduced ordered moments.
This was referred due to the dynamical fluctuations of Co and
Os spins. With cooling, Co moments become frozen at ∼ 67 K
and result in a canted AFM order. With further decreasing
temperature, the Os moments are frozen into a randomly
canted state resulting in a glassy transition (RSG state). Since
neutron diffraction measures the average effective moment,
no anomaly was found around 6 K. However, the glassy
transition around 6 K was clearly seen in the ac susceptibility.
At base temperature (2 K), the ordered moment values were
reported to be 2.7 μB and 0.7 μB for Co (S = 3/2) and Os
(S = 1), respectively. In summary, the glassy transition in
Sr2CoOsO6 was reported to be due to the randomly frozen
Os moments alone. In this regard, the detailed spin structure
of LMNO requires further investigation. The temperature
dependence of the monoclinic angle ß [Fig. 4(d)] shows that the
monoclinic distortion slightly decreases below TC indicating
that a reduced distortion helps to establish a long-range
ferromagnetic ordering. Nevertheless, the residual monoclinic
distortion seems to be responsible for the observed canting in
the ferromagnetic structure below TC . With further decrease
of temperature the monoclinic angle ß attains a constant value
around Tf . Interestingly, the glassy transition and the freezing
of the monoclinic distortion in LMNO occurs around the
same temperature. Because of the polycrystalline averaging
and weak ferromagnetic signal, no observable changes in the
FM ordered state are found below Tf . A single-crystal-based
reexamination might be useful in this regard.

The electronic structure of LMNO was better understood
by performing first-principles calculations using the pseu-
dopotential density functional method as implemented in
QUANTUM ESPRESSO [34]. We employed the wavefunction
cutoff at 150 Ry and (5 × 5 × 5) mesh of k points to sample
the Brillouin zone. We used fully relativistic norm-conserving
pseudopotentials for all the calculations. The spin-polarized
PBE [35] exchange correlation function was used in the
density of states (DOS) calculation. In order to search for the
lowest-energy spin configurations, we performed noncollinear
total energy calculations including spin orbit interaction. All
calculations were carried out considering the experimental
lattice constants of the monoclinic unit cell (derived from the
neutron diffraction study) containing 20 atoms.

Figure 5(a) shows the spin-resolved DOS of LMNO. The
atom-resolved partial DOS are presented in Figs. 5(b)–5(e).
Figure 5(b) reveals that at ∼2 eV below the Fermi level, the
predominant contribution comes from O-p states. Lu-f states
as shown in Fig. 5(e) occur at ∼4 eV below the Fermi level. The
octahedra of oxygen atoms surrounding the Mn and Ni atoms
causes the d manifold to split in t2g and eg levels. Figures 5(c)
and 5(d) show the partial density of states contribution from
Mn-d and Ni-d states respectively. In the spin-up channel,
Ni-t2g and Ni-eg are occupied by states within −2 eV of the
Fermi level. These states possess significant hybridization with
the O-p states as well as Mn-d states. For the spin-down
channel, however, the Ni-t2g levels are occupied while the
Ni-eg levels lie above the Fermi level. This corresponds to the
nominal oxidation state of Ni (2+). For the Mn-d levels, only
the Mn-t2g levels in the spin-up channel lie below the Fermi
level, while Mn-eg levels in the spin-up channel and Mn-t2g

and Mn-eg levels in the spin-down channel lie above the Fermi
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FIG. 5. (Color online) (a) Density of states of Lu2MnNiO6. Par-
tial density of states from (b) O-p, (c) Mn-d , (d) Ni-d , and (e) Lu-f
states.

level. This conforms to an oxidation state of Mn4+, which is
consistent with the neutron diffraction results. Our results for
the partial and total DOS are similar to those of La2NiMnO6

[36]. The total magnetic moment within the spin-polarized
calculations was 5 μB/FU, in good conformance with the
experimental dc magnetization value of 4.4 μB/FU. The Mn
moment was calculated as 2.95 μB/FU within the radius of
1.32 Å while the moment at the Ni site was 1.50 μB/FU within
a radius of 1.52 Å. The remaining moment is at the O sites.
Overall, this is in reasonable agreement with the experimental
results of 2.24(26) μB/Mn and 1.04(22) μB/Ni at 6K (Fig. 4).

Furthermore, we found the FM state (without any canting)
to be the lowest-energy spin configuration. However, the
canted spin structure was only nominally higher by about
1 meV/FU. Such a small energy difference is within the error
bar of our calculation. This is consistent with the TC of 40 K.
The small energy difference suggests that the canting of the
spins could be largely driven by octahedral distortions.

In summary, the detailed magnetometry establishes
Lu2MnNiO6 as a reentrant spin-glass compound. The
anomolous memory effect reveals that an AFM interaction
induces in LMNO along with the dominant FM ordering below
TC . This is further supported by the reduced ordered moment
of Mn/Ni ions in neutron diffraction. The unusual critical
exponents of β ∼0.241(3), γ ∼1.142(3), and δ = 5.77(3) hints
at the presence of a canted spin structure. The temperature-
dependent neutron diffraction reveals a decrease of monoclinic
distortion below TC and attains a nearly constant value
around the glassy transition. Our first-principles calculations
suggest that the spin-orbit interaction together with monoclinic
distortion below TC may be responsible for the observed
spin canting. This leaves a future scope of an experimental
realization of the theoretically predicted spin-orbit interaction
through a single-crystal study of anisotropy or angle-resolved
photoemission spectroscopy. We strongly believe that the
AFM interaction is induced from this canted spin structure and

competes with the FM interaction to generate spin frustration.
This is likely to serve as a guiding tool to investigate the origin
of glassiness in similar RSG compounds.
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APPENDIX A: CRYSTAL STRUCTURE
OF Lu2MnNiO6 AT 300 K

Detailed crystal structural information of Lu2MnNiO6

was obtained by Rietveld analysis of the neutron diffraction
pattern measured at 300 K. The result is displayed in Fig. 6.
The compound crystallizes in the monoclinic symmetry
with space group: P 21/n (χ2 = 2.45; Rwp = 3.89%; Rp =
3.01%; RBragg = 4.27%). The magnetic ions Ni and Mn
populate at two crystallographically independent sites at 2a

(0, 0, 0) and 2b (1/2, 1/2, 0) respectively. A small amount of
intermixing of Ni/Mn occupancy (∼6.6%) has been observed.
The large difference in the neutron coherence scattering
lengths of Ni and Mn (+10.30 and −3.73 fm, respectively)
helps to determine the corresponding occupancy in different
crystal sites. All three kinds of nonequivalent oxygen atoms
(O1, O2, O3), as also the rare-earth Lu ions, are situated in
general positions namely, 4e site (x, y, z). The magnetic
ions (Ni and Mn) are situated in the Ni/MnO6 octahedral
environment. The basal planes of the Ni/MnO6 octahedra are
formed by two O2 and two O3 oxygen ions. However, they are
connected by O1 ions along c axis. The various bond details
and crystallographic information are listed in Table II. The

FIG. 6. (Color online) Neutron diffraction pattern of
Lu2MnNiO6 at 300 K.
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TABLE II. Results obtained from the Rietveld refinement of neutron diffraction pattern at 300 K.

Space Group a (Å) b (Å) c (Å) Angle ß (degree)

P 21/n 5.1451(6) 5.5149(6) 7.4044(8) α = γ = 90, ß = 90.32(1)

Atoms Wyckoff positions x/a y/b z/c Biso Occ.
Lu 4e 0.4775(7) 0.0752(6) 0.7501(6) 0.67(5) 1.0
Ni/Mn 2a 0 0 0 0.92(7) 0.467(2)/0.033(2)
Mn/Ni 2b 0.5 0.5 0 1.30(27) 0.467(2)/0.033(2)
O1 4e 0.6126(8) 0.4599(8) 0.7548(8) 0.65(6) 1.0
O2 4e 0.1762(9) 0.2971(9) 0.5578(8) 0.88(10) 1.0
O3 4e 0.6991(9) 0.1828(10) 0.4455(7) 0.60(8) 1.0

Rp: 3.01% RBragg: 4.27%
Rwp: 3.89% χ 2: 2.52%
Rexp: 2.45%

Bond lengths
Ni-O Mn-O Lu-O

O1 1.989(6) × 2 1.915(6) × 2 2.203(5) 2.233(6)
O2 2.050(5) × 2 1.922(5) × 2 2.234(7) 2.440(6) 2.600(7)
O3 2.067(5) × 2 1.892(5) × 2 2.227(7) 2.430(6) 2.590(7)

Bond angles
Ni-O1-Mn (along c) Ni-O2-Mn (ab plane) Ni-O3-Mn (ab plane)
142.9(2) 143.4(2) 144.5(2)

sample is a single phase, though a small trace of residual NiO
is present.

APPENDIX B: ANALYSIS OF THE REENTRANT GLASSY
PHASE IN Lu2MnNiO6

The temperature dependence of zero-field-cooled out-of-
phase [χ ′′(T )] component of ac susceptibility χac data of
Lu2MnNiO6 (LMNO) were recorded at frequencies f =
40, 95, 220, 420 Hz, and 1 kHz with probing field of
Hac = 0.17 Oe. It is observed that χ ′′(T ) abruptly decreases
to a very low value above the ferromagnetic transition
temperature (TC), at 40 K and has no effect on the frequency
variation of the applied ac magnetic field. However, the
low-temperature hump (Tf ) as described in the main text,
shifts to a higher value as the frequency is increased. The
maximum change observed in the magnitude of Tf is: �Tf =
(Tf

1 kHz − Tf
40 Hz) = 6.9 K. A quantitative analysis of the

relative variation in Tf with frequency is expressed as, s =
�Tf /[Tf �log10f ] = 0.204, where, �Tf = (Tf 1 − Tf 2) and
�log10f = [log10f1 − log10f2] with f1 = 1 kHz and f2 =
40 Hz. This is above that of a typical spin-glass (SG) phase
[10−2 − 10−3], but lies within the range of the superparamag-
netic state [10−1 − 10−2] [4,5,37].

The frequency dependence of Tf can be described us-
ing the critical slowing down model [11,37–40] as: Tf =
τ0(Tf /Tg − 1)zϑ , where, τf ∝ f−1, τ0 is the microscopic spin-
flip time and zϑ is the critical exponent. The above equation is
validated in Fig. 7 where the log10f is plotted as a function of
log10[(Tf /Tg) − 1]. Under the best-fit condition τ0, zϑ , and Tg

attain the values of 4.20(36) × 10−4s, 3.89(13), and 15.3(15)
K, respectively. A large value of τ0 indicates that the spin
flipping is slower than in a conventional SG system (∼10−13s).
Such high τ0 is reported for several SG [41,42] as well as
RSG systems [43]. The origin of such behavior in LMNO is
still uncertain. The observed value of zϑ is similar to that
found in LaMn0.5Fe0.5O3 [41], BiFeO3 [42], Fe2O3 [38], and
Sr0.95Ca0.05Ni2V2O8 [11]. This implies that the spin structure
is unlike typical Ising systems where zϑ has the value 9–10
(experiment) and 7–8 (theory) [44,45].

FIG. 7. (Color online) log10f vs log10[(Tf /Tg) − 1] for the
Lu2MnNiO6 polycrystalline sample.
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