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ABSTRACT: A 4H-type BaMnO3 single crystal was prepared by
combining the floating zone method with high-pressure treatment at
5 GPa and 1023 K. The crystal crystallizes to a hexagonal structure
with space group P63/mmc and lattice parameters a = 5.63723(5) Å
and c = 9.22355(8) Å. In this structure, face-sharing MnO6 octahedral
dimers connect with each other by corner O atoms along the c-axis
direction, forming an -A-B-A-C-type 4H arrangement. A long-range
antiferromagnetic (AFM) phase transition is found to occur at TN ≈
263 K. When the synthesis pressure increases to 20 GPa, a new
polymorphic phase is obtained. This higher-pressure phase still
possesses the hexagonal P63/mmc symmetry, but the lattice
parameters change to be a = 5.61349(2) Å and c = 13.66690(9) Å with a unit cell volume reduction of 2.05%. In this new
phase, the c-axis MnO6 dimers are separated by MnO6 octahedral layers in the ab plane, forming an -A−B-C-A-C-B-type 6H
structure. The 6H phase exhibits two long-range AFM orderings at TN1 ≈ 220 K and TN2 ≈ 25 K, respectively. The different
magnetic properties are discussed on the basis of the detailed structural constitutions of 4H- and 6H-BaMnO3.

■ INTRODUCTION

Perovskite structure oxides with a chemical formula of ABO3
have diverse structural derivatives and A-B charge combina-
tions and thus exhibit a series of interesting physical properties
in magnetism, electrical transport, magnetoelectric coupling,
and chemical catalysis.1−8 The detailed crystal structure of
perovskite is closely related to the relative size of cations at
both A and B sites. Goldschmidt’s tolerance factor, t = (rA +
rO)/(√2)(rB + rO), is often used to describe such a
relationship.9,10 Here rA, rB, and rO denote the ionic radii of
A, B, and O ions, respectively. When t = 1, an ideal cubic
perovskite structure with corner-sharing rigid octahedra is
expected to be present. In most cases, however, the value of t
deviates from unity due to the cooperating octahedral
distortions (including tilting and rotating). For a larger A-site
ion such as Ba2+, the related perovskite usually tends to
crystallize into a hexagonal structure with t > 1. In such a
structure, both face- and corner-sharing BO6 octahedra may
emerge. Different combinations of these two types of
octahedra can lead to different hexagonal stacking structures.11

The manganese-based perovskite family of A2+Mn4+O3 (A =
Ca, Sr, Ba) displays a wide variety of structural evolutions with
the variation of the A-site ionic size. At ambient pressure,
CaMnO3 (t = 0.989) has an orthorhombic perovskite structure
which is composed only of corner-sharing MnO6 octahedra.

12

In comparison, SrMnO3 (t = 1.033) crystallizes to a 4H-type
hexagonal structure due to the larger A-site size.13 Moreover,

4H-SrMnO3 is very sensitive to external pressure. It will change
to a 6H-type hexagonal structure and a 3C-type cubic phase if
high pressure is applied during the synthesis at 5 and 7 GPa,
respectively.14,15 Corresponding to the structural evolutions,
the AFM phase-transition temperatures also change from 280
K in the 4H phase to 235 K in the 6H phase and then to 240 K
in the 3C phase.13,16 Compared with SrMnO3, the pressure-
related structural transformations of BaMnO3 (t = 1.078)17 are
more complex. Different from the 4H phase of SrMnO3,
BaMnO3 crystallizes to a 2H hexagonal structure at ambient
pressure. The 2H phase changes toward a 9R hexagonal phase
at 3−7.5 GPa and then to a 4H phase with pressure increasing
to 9 GPa.14 All of the MnO6 octahedra are face-sharing in 2H-
BaMnO3, forming 1D-like spin chains with a shorter Mn−Mn
distance (2.407 Å) along the c axis.18 Possible polar structure
and multiple magnetic phase transitions are proposed for this
phase. 9R-BaMnO3 has a different hexagonal structure with a
space group of R3̅m, and a higher-temperature AFM transition
occurs at around 350 K.14,19,20 Although the 6H and 3C phases
are observed in SrMnO3, the counterparts are absent in
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BaMnO3 to date. Moreover, all of the reported high-pressure
phases of BaMnO3 are polycrystalline,14,20,21 where the
detailed oxygen content and intrinsic magnetism remain for
further evaluation. Therefore, it is pressing to prepare BaMnO3
single crystals under high pressure. In this work, we
successfully prepared high-quality single crystals of 4H-
BaMnO3 under high-pressure and moderate temperature
conditions for the first time. When a higher pressure was
applied to 4H-BaMnO3, a new 6H hexagonal phase was
obtained. Detailed magnetic properties were studied for these
two polymorphic phases.

■ EXPERIMENTAL DETAILS
The polycrystalline BaMnO2.73 precursor was prepared by a solid-state
reaction method.21,22 Appropriate amounts of very pure (99.9%)
BaCO3 and Mn2O3 powders with a molar ratio of 1:2 were thoroughly
mixed and then held at 1373 K for 24 h under flowing Ar gas. The
resulting product was reground in air and pressed into a rod of 4.3
mm diameter at 200 MPa before being heated for 10 h at 1373 K in
flowing Ar. The annealing rod was adopted to grow the oxygen-
deficient BaMnO2.73 single crystal by using the floating zone method
with a growth rate of 2.8 mm/h in an Ar atmosphere. To obtain
oxygen-full 4H-BaMnO3 single crystals, the oxygen-deficient precursor
of the BaMnO2.73 single-crystal rod was cut and polished into a pellet
with a diameter of 4 mm and a height of 2 to 3 mm. The pellet single
crystal was sealed in a gold capsule with the use of excess (3-fold)
KClO4 oxidizing agent.23−25 Then, the sealed gold capsule was put
into the high-pressure assembly and treated on a large volume cubic-
anvil-type high-pressure apparatus at 5 GPa and 1023 K for 60 min.
To prepare the 6H phase of BaMnO3, the 4H-type single-crystal
powders were further treated at 20 GPa and 1473 K for 30 min using
Walker-type two-stage high-pressure equipment. During this higher-
pressure and -temperature treatment, some KClO4 oxidizing agent
was also adopted to ensure the oxygen stoichiometry (4H-
BaMnO3:KClO4 = 3:1 by weight). In our attempts, the 6H-

BaMnO3 phase cannot be obtained if a 4H-type single-crystal bulk
was used for such a treatment. In addition, we did not find any trace
of the formation of the 6H-type phase at synthesis pressures of 10 and
15 GPa.

Powder X-ray diffraction (XRD) and Laue back reflection were
used to identify the crystal quality and structure using a Huber
diffractometer at room temperature (RT) with Cu Kα1 radiation. The
powder diffraction range of the 2θ angle is from 10 to 100° with a step
length of 0.005°. Structural refinement for the XRD data was
performed on the basis of the Rietveld method using the GSAS
program.26 X-ray absorption spectroscopy (XAS) at the Mn-L2,3 edges
was measured at the BL07A NSRRC beamline using the total electron
yield mode at RT. The temperature-dependent magnetic suscepti-
bility and isothermal magnetization behavior were measured using a
superconducting quantum interference device magnetometer (Quan-
tum Design, MPMS-VSM). Specific heat data were obtained on a
physical property measurement system (Quantum Design, PPMS-9T)
at zero magnetic field. Bulk pieces were used for both magnetic and
specific heat measurements.

■ RESULTS AND DISCUSSION

Figure 1a shows the single crystal of the precursor of
BaMnO2.73 grown by the floating zone method. The powder
XRD of the precursor crystal shows very similar features to that
of the 4H-BaMnO2.75 polycrystalline as reported by Parras et
al.,22 suggesting the formation of a 4H hexagonal structure with
space group P63/mmc and lattice constants a = 5.6739(1) and
c = 9.3280(2) Å (Figure S1 and Table S1). According to the
oxygen occupancy as well as the refined Mn−O distances, the
oxygen content of the precursor crystal is temporarily
determined to be about 2.73. After a high oxygen pressure
treatment, an oxygen full BaMnO3 single crystal can be
obtained. Figure 1b shows a cut piece of a BaMnO3 single
crystal with the size of 2 × 1 × 1 mm3, where the widest
surface is the (001) plane as identified by Laue diffraction. As

Figure 1. (a) Morphology of BaMnO2.73 and 4H-BaMnO3 single crystals. (b) XRD pattern for the highly symmetrical (001) plane. The inset shows
the Laue diffraction spots of this plane. (c) Powder XRD pattern at room temperature and Rietveld refinement results of a pulverized 4H-BaMnO3
single crystal. The observed (black circles), calculated (pink line), and difference (orange line) patterns are shown. The green ticks indicate the
allowed Bragg reflections with space group P63/mmc. (d) Schematic crystal structure of 4H-BaMnO3. Face- and corner-sharing MnO6 octahedra
alternately connect along the c-axis direction and forming a chain-like distribution.
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shown in the inset of Figure 1b, the sharp Laue diffraction
spots of the highly symmetrical (001) plane confirm the high
quality of the BaMnO3 single crystals that we obtained. When
the XRD diffraction was performed on this plane, only 00h (h
= even numbers) peaks can be observed, suggesting that the as-
made crystal has a single domain. Furthermore, the BaMnO3
single crystal was crushed into powders for XRD measurement.
Figure 1c presents the powder XRD pattern as well as the
Rietveld refinement results. All of the diffraction peaks can be
well fitted based on a 4H-type hexagonal perovskite structure
with space group of P63/mmc.
Table 1 shows the refined structural parameters. The refined

lattice constants are a = 5.63723(5) Å and c = 9.22355(8) Å,

which are slightly less than those reported for a polycrystalline
sample (a = 5.6376 Å and c = 9.2241 Å),21 indicating that the
single crystal is closer to having the oxygen stoichiometry. The
refined Mn−O distances vary from 1.879(3) Å to 1.9331(6) Å,
suggesting a moderate octahedral distortion, as observed in the
4H-SrMnO3.

13,16 According to the Mn−O bond lengths, the
bond valence sum (BVS) calculations demonstrate the
presence of a Mn4+ valence state (Table 1), indicating that
the oxygen content should be very close to the stoichiometric
value. Figure 1d presents the schematic crystal structure of the
4H-type BaMnO3. One can find that a couple of MnO6
octahedra form a dimer by sharing the face, and then the
dimers are connected to each other through the corner-sharing
oxygen atom along the c axis.
Figure 2a shows the XRD pattern as well as the Rietveld

structural refinement results for BaMnO3 further treated at 20
GPa. Compared with the 4H phase mentioned above, this
product exhibits an essentially different diffraction pattern. All
of the diffraction peaks of this higher-pressure phase can be
fitted on the basis of a structure model similar to that of the
6H-SrMnO3 or 6H-BaCrO3 with a space group of P63/
mmc.16,27 Table 2 lists the refined structural parameters, which
include lattice constants, atomic positions, and selected bond
lengths and bond angles. The lattice constants of this new
phase are a = 5.61349(2) Å and c = 13.66690(9) Å. Both are

slightly larger than those of 6H-SrMnO3 with a = 5.4289 Å and
c = 13.4025 Å16 due to the larger ionic radius of Ba2+ compared
to that of Sr2+.42 When BaMnO3 changes from the 4H to 6H
phase under a higher pressure, the unit cell volume per

Table 1. Refined Structure Parameters for the 4H-Type
BaMnO3 (Z = 4) and the BVS Result for Mn at Room
Temperaturea

parameter value parameter value

a (Å) 5.63723(5) Ba1−O1(Å) × 6 2.81861(2)
c (Å) 9.22355(8) Ba1−O2(Å) × 6 2.965(3)
V (Å3) 253.840(6) Ba2−O1(Å) × 6 2.82229(2)
Mnz 0.1131(1) Ba2−O2(Å) × 6 2.828(4)
O2x 0.1909(4) Mn−O1 (Å) × 3 1.9331(6)
O2y 0.3817(8) Mn−O2 (Å) × 3 1.879(3)
Uiso(Ba1)
(100 × Å2)

0.184(2) ∠Mn−O1−Mn (deg) 180.00

Uiso(Ba2)
(100 × Å2)

0.060(2) ∠Mn−O2−Mn (deg) 84.5(2)

Uiso(Mn)
(100 × Å2)

0.035(3) BVS (Mn) 3.96

Uiso(O1)
(100 × Å2)

0.477(2) Rwp (%) 2.08

Uiso(O2)
(100 × Å2)

0.282(2) Rp (%) 1.49

aSpace group P63/mmc (no. 194); atomic sites are Ba1 2a (0, 0, 0),
Ba2 2d (1/3, 2/3, 1/4), Mn 4f (1/3, 2/3, z), O1 6g (0.5, 0, 0), and
O2 6h (x, y, 1/4). BVS values (Vi) were calculated using the formula
Vi = ∑j Sij, with Sij = exp[(r0 − rij)/0.37] and r0(Mn4+) = 1.753 Å.43

Figure 2. (a) XRD pattern at RT and Rietveld refinement results of
the 6H-BaMnO3 single crystal. The observed (black circles),
calculated (pink line), and difference (orange line) patterns are
shown. The green ticks indicate the allowed Bragg reflections with
space group P63/mmc. (b) Schematic crystal structure of 6H-
BaMnO3, where face-sharing octahedral dimers along the c axis are
separated by MnO6 octahedral layers in the ab plane.

Table 2. Refined Structure Parameters for the 6H-Type
BaMnO3 (Z = 6) and the BVS Result for Mn at Room
Temperaturea

parameter value parameter value

a (Å) 5.61349(2) Uiso(O2) (100 × Å2) 0.396(9)
c (Å) 13.66690(9) Ba1−O1(Å) × 6 2.8091(2)
V (Å3) 372.964(3) Ba1−O1(Å) × 3 2.842(4)
Ba1z 0.08857(6) Ba1−O2(Å) × 3 2.864(3)
Mn1z 0.6577(1) Ba2−O1(Å) × 6 2.808(4)
O1x 0.1632(4) Ba2−O2(Å) × 6 2.8143(4)
O1y 0.3265(9) Mn1−O1 (Å) × 3 1.962(4)
O1z 0.5805(3) Mn1−O2 (Å) × 3 1.895(4)
O2x 0.5212(5) Mn2−O1 (Å) × 6 1.931(4)
O2y 0.0425(1) ∠Mn1−O1−Mn2

(deg)
177.8(2)

Uiso(Ba1)
(100 × Å2)

0.142(9) ∠Mn1−O2−Mn1
(deg)

83.5(2)

Uiso(Ba2)
(100 × Å2)

0.067(9) BVS (Mn1) 3.72

Uiso(Mn1)
(100 × Å2)

0.163(9) BVS (Mn2) 3.68

Uiso(Mn2)
(100 × Å2)

0.535(9) Rwp (%) 2.99

Uiso(O1)
(100 × Å2)

0.367(9) Rp (%) 2.21

aSpace group P63/mmc (no. 194); atomic sites are Ba1 4f (1/3, 2/3,
z), Ba2 2b (0, 0, 1/4), Mn1 4f (1/3, 2/3, z), Mn2 2a (0, 0, 0), O1 12k
(x, y, z), and O2 6h (x, y, 1/4). The methods of BVS calculation are
the same as mentioned in Table 1.
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chemical formula is reduced by 2.05%, indicating that the 6H
phase is a higher-density phase, as expected from the higher
synthesis pressure. Moreover, there exist distinct structural
constructions between the 4H and 6H phases. For example, in
contrast to the corner-sharing MnO6 octahedral dimers along
the c axis as observed in the 4H phase, a MnO6 octahedral
layer is formed between the dimers in the ab plane. The in-
plane octahedra are connected to the dimers by sharing the
corner O atoms. As a result, there are two distinct Mn
positions (Mn1 and Mn2) in the 6H phase, while only a single
Mn position is involved in the 4H phase.
According to the Mn−O bond lengths shown in Table 2, the

valence of Mn was calculated by BVS to be +3.72 for Mn1 and
+3.68 for Mn2, suggesting the formation of the Mn4+ state in
the 6H phase. In comparison, the BVS value of Mn is reduced
from +3.96 in the 4H phase to an average +3.70 in the 6H
phase. Such a reduction may be attributed to the possible
covalent effects caused by the pressure-enhanced p−d
hybridizations duo to the much higher synthesis pressure of
the 6H phase (20 GPa) relative to that of the 4H phase (5
GPa). As is well known, XAS is highly sensitive to the valence
states28−32 and local environments33−36 for 3d transition
metals. This technique was used to further determine the
valence state of Mn in BaMnO3. Figure 3 shows the Mn-L2,3

edges of 4H- and 6H-BaMnO3 together with the Mn3+

reference LaMn3+O3
31 and the Mn4+ reference SrMn4+O3

31

with similar MnO6 octahedral coordination. Compared with
LaMnO3, the absorption peaks of both 4H- and 6H-BaMnO3
shift to a higher energy by about 1.3 eV, indicating that the
valence state of Mn is higher than +3 in the two phases of
BaMnO3. Furthermore, both of them are consistent with the
absorption peak energy position and peak profile of the Mn4+

reference SrMnO3, confirming the formation of the Mn4+ state
as well as the oxygen stoichiometry in the 4H and 6H phases.
Figure 4a shows the temperature dependence of magnetic

susceptibility measured at 0.1 T with the field parallel and
perpendicular to the high-symmetry plane (001) on the 4H-
BaMnO3 single crystal. One finds that the perpendicular
direction shows a larger magnitude in susceptibility than that
of the parallel direction, reflecting the anisotropic nature of
magnetism as expected from the hexagonal crystal structure.
Along both directions, the susceptibility experiences an
apparent decrease at a critical temperature of TN ≈ 263 K,
suggesting the occurrence of a long-range AFM phase
transition.21 The inset of Figure 4a shows the derivative of
susceptibility curves along the two directions, where sharp

peaks can be observed at TN. It is notable that, above TN, the
magnetic susceptibility curves that we measured show slight
increases with increasing temperature. This feature deviates
from the typical paramagnetic behavior and can be attributed
to some 1D short-range AFM correlations, as reported in the
hexagonal SrMnO3.

16

Corresponding to the long-range AFM phase transition
observed in the 4H-BaMnO3, a sharp λ-type anomaly is also
found to occur near TN. At lower temperatures (<15 K), the
specific heat data can be fitted using the formula Cp = βT3 +
δT5. (See the inset of Figure 4b, yielding the coefficient β =
1.59(1) × 10−4 J mol−1 K−4, and δ = 2.96(7) × 10−7 J mol−1

K−6.) The result indicates that phonon and AFM excitations
contribute to the specific heat.37 Figure 4c presents the
isothermal magnetization curves measured at different temper-
atures with the field perpendicular to the (001) plane. In
accordance with the AFM feature, linear magnetization
behaviors are found to occur. In addition, we also compare
the magnetization with the field parallel and perpendicular to
the plane. As shown in Figure 4d, both directions show similar
linear magnetization behaviors, but the magnitude of the
perpendicular direction is somewhat larger than that of the
parallel one, in agreement with the susceptibility measure-
ments.
Figure 5a,b reflects the magnetic properties of 6H-BaMnO3

by susceptibility and specific heat measurements. The magnetic
susceptibility curve of the 6H phase is significantly different
from that of the 4H phase. As the temperature decreases, the
6H phase shows a kink at TN1 ≈ 220 K (Figure 5a), where a
sharp λ-type specific heat anomaly also appears (Figure 5b),
indicating the occurrence of a long-range AFM phase
transition. On further cooling to TN2 ≈ 25 K, the susceptibility
displays a second sharp peak with significant separation
between ZFC and FC curves below this temperature.
Moreover, frequency-independent peaks are also observed in
ac susceptibility curves at around 25 K (Figure 5d), confirming
the presence of another long-range AFM phase transition. The
remarkable ZFC and FC separation may originate from the
canted AFM spins.16 Although the 4H phase shows some
short-range 1D AFM correlations above the TN, the 6H phase
follows the Curie−Weiss law at temperatures above 250 K.
When the χ−1 = (T − θ)/C function was used to fit the inverse
susceptibility data, one could obtain the Weiss temperature, θ
= −219 K, and the Curie constant, C = 1.842 emu·K/mol. The
absolute value of the Weiss temperature is very close to TN1,
and the negative signal agrees with the AFM interactions.
According to the fitted Curie constant, the effective magnetic
moment is calculated to be μeff = 3.84 μB/f.u., which is
comparable to the theoretical value (3.87 μB/f.u.) for a Mn4+

state with S = 3/2 in a localized electronic model. This result
also demonstrates the stoichiometric oxygen content of 6H-
BaMnO3, in agreement with the XAS measurement.
In accordance with the long-range AFM and paramagnetic

properties, linear magnetization behaviors without visible
hysteresis are observed above TN2 (e.g., at 100 and 250 K)
in 6H-BaMnO3 (Figure 5c). In contrast, there exists clear
magnetic hysteresis at 2 K, which is consistent with the canted
AFM spins occurring at TN2 as mentioned above. The coercive
field observed at 2 K is about 2700 Oe. Although the 6H phase
exhibits a sharp peak in dc magnetic susceptibility and
frequency-independent peaks in ac susceptibility at around
TN2, the specific heat smoothly changes at this critical
temperature (Figure 5b). We infer that most magnetic entropy

Figure 3. X-ray absorption spectra at the Mn-L2,3 edges for 4H- and
6H-BaMnO3 together with related reference compounds SrMnO3 and
LaMnO3 for comparison.31
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may have already been released well above TN2. As shown in
the inset of Figure 5b, the specific heat data of the 6H phase
below 15 K can be fitted by the formula Cp = αT 3/2 + βT 3,
giving α = 2.74(1) × 10−3 J mol−1 K−5/2 and β = 1.37(2) ×
10−4 J mol−1 K−4. The presence of the T3/2 term reflects the

contribution of ferromagnetic correlations as expected from
the canted AFM structure below TN2.
The magnetic properties of A2+Mn4+O3 (only Mn4+ is a

magnetic ion) perovskites are mainly related to the Mn−O−
Mn bond angle in corner-sharing MnO6 octahedra as well as

Figure 4. (a) Temperature-dependent magnetic susceptibility (χ) measured at 0.1 T using a zero-field cooling mode for 4H-BaMnO3 single
crystals. The inset shows the derivative of susceptibility. (b) Temperatrue dependence of specific heat (Cp) measured below 300 K at zero field.
The inset shows the fitting result (black curve) for specific heat below 15 K as described in the text. (c) Field-dependent isothermal magnetization
(M) curves measured at selected temperatures with the field perpendicular to the (001) plane for 4H-BaMnO3 single crystals. (d) Magnetization
measured at 200 K with the field along different crystal directions.

Figure 5. (a) Temperature-dependent magnetic susceptibility (χ) and inverse magnetic susceptibility (1/χ) measured at 0.1 T using zero-field
cooling mode for 6H-BaMnO3. The pink line shows the Curie−Weiss fitting above 250 K. (b) Temperature dependence of specific heat (Cp) for
6H-BaMnO3. The inset shows the fitting result (orange curve) below 15 K as described in the text. (c) Field dependence of isothermal
magnetization (M) curves measured at selected temperatures. (d) Temperature dependence of ac magnetization (χac) at different frequencies.
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the Mn−Mn distance in face-sharing MnO6 octahedra.
According to the Goodenough−Kanamori−Anderson
rules,38,39 the Mn4+−O−Mn4+ superexchange interaction with
a bond angle close to 180° in corner-sharing MnO6 octahedra
favors the strong AFM ordering. In addition to the corner-
sharing MnO6 octahedra, there also exist face-sharing
octahedral dimers in BaMnO3, giving rise to the Mn4+−Mn4+

direct exchange interaction due to the moderate overlapping of
Mn 3d orbitals.40 The symbol of the direct exchange integral is
related to the Mn−Mn distance. A shorter Mn−Mn distance is
favorable for AFM ordering.41 CaMnO3 crystallizes into a
GdFeO3-type structure with space group Pnma, where the
MnO6 octahedra are all corner-sharing, with the average Mn−
O−Mn bond angle being about 157.8°.12 The compound
forms G-type AFM ordering at 125 K.12,16 In comparison with
CaMnO3, the Mn4+−O−Mn4+ bond angle of the corner-
sharing MnO6 octahedra increases to 177.8° in the 6H-
BaMnO3 and 180.0° in the 4H phase. As a result, the AFM-
phase transition temperatures increase to 220 K in the former
and 263 K in the later. In the 4H phase, two face-sharing
MnO6 octahedra form a dimer (i.e., a Mn2O9 unit) along the c-
axis direction. The Mn4+−Mn4+ direct interaction causes some
1D AFM short-range corrections at temperatures above
TN.

16,21 In the 6H phase, however, the corner-sharing
Mn2O9 units are separated from each other by MnO6

octahedral layers in the ab plane. Consequently, the spin-
chain-like structure is broken, and the 6H phase does not show
the 1D AFM feature. Instead, a second long-range AFM
ordering takes place at a lower temperature of TN2. This AFM
ordering most probably arises from the ab-plane spin
interaction. The exact origin remains to be determined in
the future. Anyway, it is the different structural constitutions
that lead to distinct magnetic properties between the 4H- and
6H-type BaMnO3.

■ CONCLUSIONS

For the first time, we prepared a stoichiometric 4H-BaMnO3

single crystal as well as its polymorphic 6H phase by using the
floating zone method combined with high-pressure techniques.
Both phases crystallize into hexagonal perovskite structures
with the same P63/mmc space group, but they exhibit different
MnO6 octahedral connections and stacks. Specifically, two
face-sharing MnO6 octahedra form Mn2O9 dimers, which align
1D-like chains by sharing the corner O atoms along the c-axis
direction in the 4H phase. In the 6H phase, however, the
corner-sharing Mn2O9 dimers are separated from each other by
MnO6 octahedral layers in the ab plane, breaking the chain
structure of the dimers. As a result, some short-range 1D AFM
correlations are found to occur in the 4H phase but are absent
in the 6H phase. In addition, a single long-range AFM phase
transition is observed in the 4H phase at TN ≈ 263 K. In
comparison, two AFM transitions show up in the 6H phase at
TN1 ≈ 220 K and TN2 ≈ 25 K, respectively. The reduced AFM
ordering temperature with the structural variation from 4H to
6H can be attributed to the decreased Mn−O−Mn bond angle,
while the 6H-phase AFM transition occurring at TN2 may arise
from the spin interaction between the MnO6 octahedra in the
ab plane. This work provides a desirable material system for
studying structure-determined distinct magnetic properties.
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