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ABSTRACT: An ilmenite-like monoclinic phase of HgMnO; with
space group P2;/c was prepared using high-pressure and high-
temperature methods at 18 GPa and 1473 K. The MnOy octahedra
form a two-dimensional (2D) network in the bc plane, leading to a long-
range antiferromagnetic ordering with a low Néel temperature of Ty ~
32 K. As the synthesis pressure increases to 20 GPa, a new perovskite-
like rhombohedral phase with space group R3¢ was found to occur. The
rhombohedral phase exhibits a three-dimensional (3D) network for the
MnOg octahedra, giving rise to an antiferromagnetic ordering at Ty ~
60 K. X-ray absorption spectroscopy confirms the invariable Mn**

HgMnO,

charge state in these two polymorphic phases, in agreement with the
Curie—Weiss and bond valence sum analysis. HgMnO; provides an interesting example to study the magnetic properties from 2D to

3D by varying synthesis pressure.

B INTRODUCTION

Manganese perovskite oxides have received much attention
owing to their intriguing physical properties like colossal
magnetoresistance effects, charge, spin and orbital orderings, as
well as magnetoelectric multiferroicity.' ™ As far as the
A*Mn*" O, perovskite family is concerned, when a larger A-
site ion such as Sr**, Ba**, or Pb** is involved, a wide variety of
polymorphic structures can be formed at different synthesis
conditions, which significantly affects the magnetic and
electronic properties. As shown in Figure 1, the 6H-, 4H-,
and C-type StMnO; (H and C stand for hexagonal and cubic
structures, respectively) occur at different synthesis pressures
with the antiferromagnetic Néel temperature Ty ~ 235, 280,
and 240 K, respectively.”'® Similarly, with increasing synthesis
pressure, the crystal structure of BaMnOj; changes from 2H to
4H via an intermediate 9R phase (R stands for a rhombohedral
structure) due to the stacking mode alteration of the hexagonal
close-packed structures.'' " In addition, PbMnOj crystallizes
into a 6H phase at 8 GPa while it changes to a 3C phase at 15
GPa.'* On the other hand, when the A-site of the A>*Mn*O,
family is occupied by a smaller cation like Ca**, a distorted
orthorhombic perovskite structure is found to occur in
CaMnOj; with corner-sharing MnOg octahedra in space.'>!°
Further reducing the A-site size will change the perovskite
structure to an ilmenite phase, as observed in MgMnO; with
layered MnOy octahedral network.'”

In comparison, the effective ionic radius of Hg*" is close to
that of Ca**.'"® However, because of the strong volatility of
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Figure 1. Tolerance factor (t) and unit cell volume normalized for
each formula unit (V/Z) and as a function of A-site cation radius for
A*Mn*0, (A = Mg, Hg, Ca, S, Pb, Ba) family. M, R, C, and H
stand for monoclinic, rhombohedral, cubic, and hexagonal crystal
structures, respectively. Different crystal phases are shown for A = Hg,
St, Pb, Ba. The dashed line is a linear fit for the average V/Z (open
symbols) for different members.
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HgO on heating, HgMnOj; has never been prepared as yet.
Benefiting from the enclosed reaction environment, high-
pressure synthesis is an effective method to suppress element
volatilization. As a result, some stoichiometric mercury oxides
such as HgTiO;'"? and HgPbO,*" were obtained under high
pressure. Moreover, high pressure can remarkably reduce the
A-site jonic size as well as the octahedral distortions.
Therefore, if HEMnO; can be prepared under high-pressure
and high-temperature conditions, it may crystallize into an
ilmenite- or perovskite-like structure at different synthesis
conditions, as observed in PbNiO;.>' Since the MnOq
octahedra have essentially different arrangements in the
ilmenite and perovskite structures (2D vs 3D),">'” distinct
magnetic properties are expected to occur in these two phases.
In this work, we have succeeded in the preparation of two
polymorphic phases of HgMnO; with different magnetic
dimensionalities. An ilmenite-like monoclinic HgMnO; (M-
HMO) is obtained at a pressure of 18 GPa. This phase exhibits
2D magnetic behavior. Interestingly, once the synthesis
pressure is increased only by 2 GPa (ie., up to 20 GPa), a
new perovskite-like rhombohedral HgMnO; (R-HMO) is
formed. In sharp contrast to the 2D magnetism of the ilmenite
phase, the perovskite phase shows 3D magnetic properties.

B EXPERIMENTAL SECTION

Highly pure (>99.9%) HgO and MnO, powders at an 1:1 mol ratio
were used as starting materials to prepare the two polymorphic phases
of HgMnO;. Since HgO was highly toxic, the starting materials were
thoroughly mixed using an agate mortar and then sealed into Au
capsules in a glovebox filling with nitrogen gas. The Au capsules with
a 2.0 mm diameter and height were treated on a Walker-type double-
stage high-pressure apparatus. The M-HMO was prepared at 18 GPa
and 1473 K for 30 min. Identical temperature and time conditions
were adopted to synthesize the R-HMO while the pressure was set at
20 GPa. Powder X-ray diffraction (XRD) was measured using a
Huber diffractometer with Cu Ke, radiation in the 20 range from 10°
to 100° at room temperature (RT) with steps of 0.005°. The primary
crystal structures were resolved by EXPO2014 program> from the
powder diffraction data. Then, the Rietveld refinements for the XRD
data were performed using the FullProf program.** X-ray absorption
spectroscopy (XAS) at the Mn—L,; edges was measured at the
BL11A beamline of NSRRC using the total electron yield mode at
RT. Magnetic susceptibility and magnetization measurements were
carried out using a superconducting quantum interference device
magnetometer (Quantum Design, MPMS-VSM). Specific heat (Cp)
data were collected on a physical property measurement system
(Quantum Design, PPMS-9T) using a pulse relaxation method at zero
magnetic field.

B RESULTS AND DISCUSSION

Figure 2a presents the room-temperature XRD pattern of
HgMnO; prepared at 18 GPa as well as the Rietveld structural
refinement results. To resolve the crystal structure, we first
tried to search isostructural references. Unfortunately,
however, no satisfied isostructural model was found to our
knowledge. We therefore turned to the direct method to obtain
primary structural parameters like possible space groups, lattice
constants, and atomic positions by using the EXPO2014
program.”” Then, the Rietveld refinements were carried out
based on the primary structural information determined from
the direct method. By comparing the satisfactory factors R, and
R,,, the most reliable structure model was assigned. In our
analysis, the XRD data presented in Figure 2a can be best fitted
on the basis of an ilmenite-like monoclinic structure model
with a centrosymmetric space group P2,/c (no. 14). In this
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Figure 2. (a) XRD pattern and the Rietveld refinement results of M-
HMO at RT. The observed (dots), calculated (red line), and
difference (orange line) are shown. The top ticks indicate the allowed
Bragg reflections with space group P2;/c. The middle and bottom
ticks present a small amount of HgO [4.94(5) wt %] and MnO,
[0.78(2) wt %] impurity phases. (b) Schematic crystal structure of M-
HMO with layered MnOjg octahedral distribution in bc plane.

crystal symmetry, the Hg and Mn atoms both occupy a special
Wyckoff position 4¢ (x, y, z), while the O occupies three
different 4e sites. Table 1 lists the refined structural parameters
of M-HMO including the detailed atomic positions, bond
lengths, and angles. The obtained lattice parameters are a =
6.72149(6) A, b = 4.97673(4) A, ¢ = 6.88710(5) A, and =
106.2745(5)°. As shown in Figure 2b, each Mn is coordinated
by six ligand O atoms with the Mn—O distance varying from
1.87 to 2.04 A, forming a MnOg octahedron. The MnOg
octahedra are connected to each other by sharing corners
along the c-axis. Along the g-axis, however, the octahedra are
spatially separated by nonmagnetic Hg atoms. The magnetic
MnOjg octahedra thus form a 2D network in bc plane (see
Figure 2b). Note that during the structural analysis, a small
amount of MnO, (4.94 wt %) and HgO (0.78 wt %) impurity
phases are discernible as shown in Figure 2a, but they do not
affect the intrinsic magnetism of HgMnOj; as shown later.
Figure 3a shows the room-temperature XRD pattern and the
Rietveld refinement results for HgMnOj; prepared at 20 GPa.
Compared with the M-HMO, the XRD pattern changes
essentially, indicating the occurrence of a new crystal structure.
Similar structural analysis procedure with that applied for the
M-HMO was performed for the new phase. The detailed
analysis demonstrates that, except for the minor MnO, and
HgO impurities, all the main diffraction peaks of the new phase
can be best fitted using a perovskite-like rhombohedral
structure model with space group R3¢ (no. 167) or its
subgroup R3¢ (no. 161). Since lowering symmetry from R3¢ to
R3c leads to unreasonably large error bars for atomic positions
and cannot significantly reduce the R, and R, factors, the

https://dx.doi.org/10.1021/acs.inorgchem.9b03551
Inorg. Chem. 2020, 59, 3887—3893


https://pubs.acs.org/doi/10.1021/acs.inorgchem.9b03551?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.9b03551?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.9b03551?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.9b03551?fig=fig2&ref=pdf
pubs.acs.org/IC?ref=pdf
https://dx.doi.org/10.1021/acs.inorgchem.9b03551?ref=pdf

Inorganic Chemistry

pubs.acs.org/IC

Table 1. Refined Crystallographic Parameters for the Monoclinic HgMnO; (Z = 4).”

parameter value parameter
Hg, 0.60537(7) B for Hg (A?)
Hg, 0.2311(2) B for Mn (A?)
Hg, 0.11145(7) B for O1 (A?)
Mn, 0.0756(3) B for 02 (A%)
Mn, 0.256(9) B for O3 (A?)
Mn, 0.0983(3) G for Hg
o1, 0.347(1) G for Mn
01, 0.146(2) Hg—01 (&)
o1, 0.223(1) Hg-O1 (&)
02, 0.190(1) Hg—02 (&)
02, 0.600(1) Hg—02 (&)
02, 0.044(1) Hg-03 (&)
03, 0.098(1)
03, 0.467(1)
03, 0.358(1)

value parameter value
0.28(2) Mn-01 (A) 1.869(7)
0.82(7) Mn-02 (A) 1.954(8)
1.3(3) Mn-02 (A) 1.916(7)
0.7(3) Mn-03 (A) 2.043(9)
0.9(3) Mn-03 (A) 1.929(8)
1.00(1) Mn-03 (A) 2.032(9)
0.99(1) Mn—02—Mn (deg) 94.0(4)
2.127(8) Mn—03—Mn (deg) 128.3(4)
2.338(8) Mn—03—Mn (deg) 115.4(4)
2.476(7) Mn—03—Mn (deg) 95.4(5)
2.140(8) BVS (Hg) 2.55(2)
2.350(8) BVS (Mn) 3.58(3)

“Space group P2,/c (no. 14); atomic sites are Hg 4e, Mn 4e, O1 4e, O2 4e,and O3 4e; a = 6.72149(6) A, b = 4.97673(4) A, c = 6.88710(5) A, f =
106.2745(5)°, V = 221.146(4) A3; R,, = 4.35%, R, = 3.25%. The calculated density p = 9.111 g/cm®. B is the isotropic temperature factor. The

occupation factor G for oxygen is fixed to 1. BVS values (V) were calculated using the formula V; = ZjS,»j, S = exp[(ro —
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Figure 3. (a) XRD pattern and the Rietveld refinement results of R-
HMO at RT. The observed (dots), calculated (red line), and
difference (orange line) are shown. The top ticks indicate the allowed
Bragg reflections with space group R3c. The middle and bottom ticks
present a small amount of HgO [7.8(1) wt %] and MnO, [5.22(1) wt
%] impurity phases. (b) Schematic crystal structure of R-HMO with
corner-sharing MnOg octahedral distribution in space.

higher symmetrical R3¢ was assigned to the higher-pressure
phase of HgMnO;. In this structural framework, the Hg is
located at a special Wyckoff site 6a (0, 0, 0.25), Mn at 6b (0, 0,
0), and O at 18e (x, 0, 0.25). As listed in Table 2, the refined
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Table 2. Refined Crystallographic Parameters for the
Rhombohedral HgMnO; (Z = 6)”

parameter value parameter value
0, 0.4202(6) Hg-0 (A) x 2 2.6943(S)
B for Hg (A?) 0.17(2) Hg-0 (A) x 2 2.694(1)
B for Mn (A?) 0.54(6) Mn-0 (A) x 2 1.925(3)
B for O (A?) 0.2(2) Mn-0 (A) x 2 1.9249(7)
G for Hg 1.02(1) Mn—-0 (A) x 2 1.925(2)
G for Mn 1.03(1) Mn—O—Mn (deg) X 6 154.6(2)
Hg-0 (A) 2.228(4) BVS (Hg) 2.202(5)
Hg-0 (A) x 2 2.228(2) BVS (Mn) 3.803(8)
Hg-0 (A) x2  2.694(2)

bSpace group R3c (no. 167); atomic sites are Hg 6a (0, 0, 0.25), Mn
6b (0,0,0),and O 18e (x, 0, 0.25); a = 5.30116(8) A, ¢ = 13.0612(2)
A, v =317.857(8) A3 R,, = 3.33%, R, = 1.94%. B is the isotropic
temperature factor. The occupation factor G for oxygen is fixed to 1.
The calculated density p = 9.501 g/ cm®. BVS calculation methods are
the same as mentioned in Table 1.

lattice parameters are a = 5.30116(8) and ¢ = 13.0612(2) A.
Along with the structure phase transition from the lower-
pressure ilmenite phase to the higher-pressure perovskite
phase, the cell volume normalized for each chemical formula is
reduced by about 4.28%, indicating that the R-HMO is a
higher-density phase, as expected from the higher synthesis
pressure for this phase. If one compares the ligand atom
number for Hg and Mn, it is found that the coordinated O
atoms increase from S to 9 for Hg with the Hg—O distance
varying from 2.12 to 2.82 A during the structural phase
transformation. However, the Mn always possesses a MnOg
octahedral coordination. In the R-HMO, all the MnOq
octahedra are corner-sharing with each other, forming a 3D
arrangement in space (see Figure 3b). According to the refined
Hg—0O and Mn—O bond lengths, we performed bond valence
sum calculations for the Hg and Mn. As shown in Tables 1 and
2, the valence state of Mn in both phases is close to +4, while
the valence state of Hg is a little larger than +2 due to the
overbonding effect caused by high-pressure synthesis.

To further determine the valence state for the transition-
metal Mn, we have collected soft XAS spectra at the Mn-L,

https://dx.doi.org/10.1021/acs.inorgchem.9b03551
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Figure 4. X-ray absorption spectra at the Mn-L, ; edges for M-HMO ~ 0.05
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R-HMO together with the Mn*" reference StMn**0,”* and the
Mn’* reference LaMn*O;”* with similar MnOyg octahedral -0.10
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spectra of both M- and R-HMO shift toward higher energies
by about 1.3 eV, suggesting a higher Mn valence state than +3
in HgMnO;. By comparison, these two polymorphic phases
display very similar spectral features such as the peak profile
and energy positions with those of the Mn*" reference
SrMnO;, confirming the formation of Mn*" charge state as
well as the oxygen stoichiometricity. Therefore, the same
magnetic ions of Mn*" exist in the monoclinic and hexagonal
HgMnOj;. However, since the MnOg units are arranged
differently in these two phases (2D vs 3D), it is very interesting
to study the magnetic variation in both phases.

Figure Sa presents the temperature dependence of the zero-
field-cooling (ZFC) and field-cooling (FC) magnetic suscept-
ibility curves for the M-HMO measured at 0.1 T. The
susceptibility smoothly increases with decreasing temperature
and forms a broad hump at around 60 K. This feature is
reminiscent of layered 2D Heisenberg antiferromagnets as
observed in, for example, MnPS;.”® The interlayer short-range
spin interactions of the Mn*" ions are responsible for the
formation of this broad hump. Below 60 K, the susceptibility
starts to decrease and experiences a drastic drop at Ty ~ 32 K.
If one takes the derivative of the susceptibility as a function of
temperature, a sharp peak can be found at Ty (see the inset of
Figure Sa). Moreover, a A-type anomaly is also observed
around Ty in specific heat (shown later). These observations
reveal a long-range antiferromagnetic phase transition induced
by intralayer Mn*'—O—Mn*" superexchange interactions in
the bc plane. Above 175 K, the inverse susceptibility data can
be well fitted based on the Curie—Weiss law, yielding a Curie
constant C = 1.7215(8) emu-K-mol™-Oe'”, and a Weiss
temperature 6 = —31.0(1) K. The negative sign of 6 agrees
with the antiferromagnetic ordering, and the absolute value of
0 is comparable with the Ty mentioned above. According to
the Curie constant, we calculated the effective magnetic
moment Y = 3.71 puy/fu. This value is very close to the spin-
only theoretical one for a Mn*" ion (3.87 ug/fu.). The M-
HMO shows also a very strong insulating behavior with a
resistivity larger than 10° ohm-cm at RT (not shown here).
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H(T)

Figure S. (a) Temperature-dependent magnetic susceptibility and
inverse magnetic susceptibility measured at 0.1 T for M-HMO. The
purple line between 175 and 300 K shows the Curie—Weiss law fitting
with the function ! = (T — 0)/C. The inset shows the derivative of
susceptibility. (b) Field-dependent magnetization measured at
different temperatures.

These observations indicate that the M-HMO is an
antiferromagnetic Mott insulator. As shown in Figure Sa, the
ZFC and FC magnetic susceptibility curves of M-HMO
overlap completely, suggesting that there is no spin-canting-
induced net magnetic moment. This is in good agreement with
the linear magnetization behavior without any discernible
magnetic hysteresis measured below and above Ty, as shown
in Figure Sb. Note that although a small amount of magnetic
impurity phase of MnO, is observed during the structural
refinement, one cannot find any magnetic anomaly at its Néel
temperature of 92 K,*’ indicating the negligible effect on the
intrinsic magnetism of M-HMO.

The magnetic properties of R-HMO are characterized by the
same measurements as those performed on the M-HMO.
Figure 6 shows the magnetic susceptibility and magnetization
curves of R-HMO. Different from the broad hump observed in
the 2D antiferromagnet M-HMO, the 3D R-HMO exhibits a
sharp antiferromagnetic phase transition at Ty ~ 60 K (Figure
6a). The magnetic susceptibility data above 125 K also follow
the Curie—Weiss law. The fitting gives C = 2.533(2) emu-K-
mol™"-Oe!™ and @ = —153.6(3) K. The absolute value of 6
obtained in the R-HMO is much larger than that of M-HMO,
suggesting stronger antiferromagnetic interactions in the 3D
HMO phase. Based on the Curie constant, the effective
magnetic moment was calculated to be 4.50 pp/f.u. This value
is slight larger than that fitted for the M-HMO (3.71 pg/fu.)
but is very similar to those reported in the isoelectronic
compounds CaMnO; (4.34 uy/fu.)’® and 4H-StMnO; (4.6
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Figure 6. (a) Temperature-dependent magnetic susceptibility and
inverse magnetic susceptibility measured at 0.1 T for R-HMO. The
purple line between 125 and 300 K shows the Curie—Weiss law
fitting. (b) Field-dependent magnetization measured at different
temperatures.

up/fu.)."" At lower temperatures, the ZFC and FC curves of
R-HMO separate a little, probably implying a noncollinear
antiferromagnetic structure due to slight spin canting. Similar
behaviors are observed in PbMnO;'* and StMnO,.” Figure 6b
shows the isothermal magnetization curves of R-HMO
measured at different temperatures. Above Ty, the linear
magnetization is coherent with the paramagnetism. At 2 K,
however, a small amount of magnetic hysteresis is found to
occur, in agreement with the possible spin canting mentioned
above. Again, the magnetic impurity phase of MnO, also has
no detectable effect on the intrinsic magnetism of R-HMO. As
a matter of fact, all the other members in the A>**Mn*'O; (A =
Mg, Hg, Ca, Sr, Pb, Ba) family also show antiferromagnetic
ground states.

Figure 7 presents the temperature-dependent specific heat
C, measured at zero field for the M-HMO and R-HMO.
Although the magnetic susceptibility of M-HMO experiences a
broad hump around 60 K, no anomaly is found to occur in Co
revealing that the interlayer antiferromagnetic interactions are
short ranged around this temperature. At lower temperatures, a
sharp A-type anomaly is observed in the specific heat at Ty ~
32 K (Figure 7a), confirming the long-range antiferromagnetic
phase transition caused by the intralayer superexchange
interactions. Similarly, corresponding to the long-range
antiferromagnetic ordering of R-HMO, a sharp specific heat
anomaly is also found to occur at Ty ~ 60 K (Figure 7b). Due
to the strong insulating behavior as well as the antiferromag-
netic coupling, the low-temperature C,/T data of both M- and
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Figure 7. Temperature dependence of specific heat for (a) M-HMO
and (b) R-HMO below 80 K at zero field. The insets show linear
fitting results using the formula CP/ T = BT, giving f = 1.45 mJ/mol-
K* for M-HMO, and 0.64 mJ/mol-K* for R-HMO.

R-HMO follow a T? relationship (i.e., C,/T = fT?). As shown
in the insets of Figure 7, the C,/T and T? data display good
linear behaviors for these two polymorphic phases at lower
temperatures. It means that antiferromagnetic excitations and
phonons both dominate the specific heat.

The Goldschmidt’s tolerance factor t = (ry + o)/ \/ 2(rg +
ro) is often used to predict ABO, perovskite structures.’' ~>*
Here, 1y, 15, and rq stand for effective ionic radii for A, B, and
O ions, respectively. The value of t = 1 corresponds to an ideal
cubic perovskite structure while t < 1 leads to cooperative
octahedral distortions with reduced crystal symmetry due to a
smaller A-site ionic size. Further lowering the A-site size can
change the perovskite structure to an ilmenite-type one.”> On
the other hand, for a larger A-site atom like Pb or Ba with ¢ > 1,
complex polytypes with different kinds of hexagonal stacking
can be formed to reduce the Madelung energy. As shown in
Figure 1, as the whole family of A*Mn* O, with A = Mg, Hg,
Ca, Sr, Pb, and Ba is concerned, the tolerance factor exhibits a
good linear relationship with the ionic radius, although the end
member of MgMnO; has an ilmenite structure. Moreover, the
average unit cell volume per chemical formula for each
member also approximately follows a linear relationship with
the ionic size. By comparison the A-site size of A*Mn*" O,
family as summarized in Figure 1, the size of Hg*" is located at
the region of perovskite phase. However, the lower-pressure
phase of HgMnO; crystallizes into an ilmenite-like structure,
suggesting that, in addition to the A-site ionic size, there exist
other factors affecting the phase stability. In sharp contrast to
the outermost empty d-orbitals of the family members with A
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= Mg, Ca, Sr and Ba, the outermost 5d orbitals of Hg2+ are
fully occupied, which may give rise to different chemical
reaction activities. The detailed electronic configurations of A-
site ions are thus probable to play a role for the phase stability
in A*Mn* O; family. During the synthesis of HgMnOj in this
work, we tried various synthesis pressures like 6, 8, and 15 GPa
at 1373—1473 K. However, the starting materials do not take
mutually chemical reaction at 6 and 8 GPa. Even at 15 GPa,
only a small amount of M-HMO phase is found to occur in the
product. As the pressure increases to 18 GPa, however, one can
obtain a nearly single-phase M-HMO. Once the pressure
further increases just by 2 GPa, ie., up to 20 GPa, a new R-
HMO phase instead of the M-HMO one is stabilized. It means
that the phase stability of HgMnO; is very sensitive to
synthesis pressure, since high pressure can effectively tune the
ionic size as well as the electronic properties. As a result, both
the ilmenite-like and perovskite-like HgMnO; phases are
stabilized by different pressures together with high-temperature
conditions, leading to distinct magnetic properties varying
from 2D to 3D.

B CONCLUSION

In summary, we have succeeded in the preparation of two
HgMnOj; polymorphic phases under high-pressure and high-
temperature conditions. One crystallizes into an ilmenite-like
monoclinic phase with space group P2,/c at 18 GPa and 1473
K. The other has a perovskite-like rhombohedral structure with
space group R3¢ at 20 GPa and 1473 K. The charge state of
Mn in these two phases is an invariable +4. The magnetic
MnOg octahedra are spatially isolated by Hg atoms along the
a-axis in the monoclinic phase, leading to the formation of 2D
MnOg arrangement in bc plane. As a result, typical 2D
magnetic properties are found to occur in this phase as
demonstrated by a broad hump in the magnetic susceptibility
around 60 K followed by a drastic drop at a lower long-range
antiferromagnetic ordering temperature Ty ~ 32 K. On the
other hand, the magnetic MnOg octahedra in the rhombohe-
dral phase of HgMnO; are connected with each other by
sharing corners in 3D space, giving rise to antiferromagnetic
phase transition at a higher Ty ~ 60 K. Although the whole
family of A*Mn* O, (A = Mg, Hg, Ca, Sr, Pb, Ba) changes the
structure from ilmenite (A = Mg) to perovskite, the tolerance
factor and normalized average unit cell volume display linear
relationships with ionic radius. The current HgMnO; provides
a good example to study the geometrical dependence of the
magnetism in polymorphic phases with isoelectronic config-
urations.
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