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magnetic phase transition) was also theoretically predicted in 
Mn 3 GaN. [ 32 ]  Therefore, it is expected that the pressure could 
induce large change of magnetic moment, as so-called baro-
magnetic effect (BME) (caused by magnetic phase transition 
due to an outer hydrostatic pressure). Unfortunately, to the 
best of our knowledge, so far there is no such a report on 
this property of Mn 3 GaN. This particular property would have 
potential applications in ME devices and intelligent instru-
ments. Therefore, it would be of great interest to study the 
baromagnetic effect in Mn 3 GaN system and understand the 
origin of this effect. 

 In this work, we systematically study the changes of 
crystal and magnetic structures for antiperovskite compound 
Mn 3 Ga 0.95 N 0.94  by neutron powder diffraction (NPD) at dif-
ferent temperatures and pressure fi elds. [ 33 ]  A new noncollinear 
magnetic structure was found in coexistence with the Γ 5g  phase 
in Mn 3 Ga 0.95 N 0.94  at low temperature range of 6–50 K under 
atmospheric pressure, which has never been reported before. 
Remarkably, considerable BMEs correlated to the magnetic 
phase transitions induced by pressure fi eld are for the fi rst 
time observed in Mn 3 Ga 0.95 N 0.94 . Our fi ndings provide a new 
strategy to provoke magnetic effects by external fi elds. 

 The samples of a nominal composition Mn 3 GaN were pre-
pared by solid-state chemical reaction and the crystal structure 
(space group Pm-3m) and the magnetic structures are shown in 
 Figure    1  a–c determined by Rietveld refi nement using neutron 
powder diffraction (NPD) data (see S1, Supporting Information). 
Mn 3 GaN is paramagnetic (PM) at room temperature with the 
lattice constant of 3.88593(9) Å. The refi nement results indicate 
that the occupancies of Mn [at 3c (0.5, 0.5, 0)], Ga [at 1a (0, 0, 0)] 
and N [at 2b (0.5, 0.5, 0.5)] are 1(fi xed), 0.947(9) and 0.943(9), 
respectively. Therefore, the real composition of Mn 3 GaN sample 
was defi ned to be Mn 3 Ga 0.95 N 0.94 , which we thus use in the fol-
lowing. NPD experiments with temperature changes under 
atmospheric pressure were carried out to discern the structure 
evolution with temperature shown in Figure  1 d. With decreasing 
temperature to 270 K, several magnetic peaks in the NPD pat-
tern of Mn 3 Ga 0.95 N 0.94  begin to appear, which are confi rmed 
to belong to the antiferromagnetic (AFM) phase by the refi ne-
ment results and previous work [ 34 ]  indicating a magnetic transi-
tion from PM to AFM at the Neel temperature of 272 K. The 
phase fraction of AFM phase reaches 100% at 150 K indicating 
the completion of the magnetic transition. The magnetic struc-
ture for the AFM phase shown in Figure  1 b is corresponding to 
the rhombohedral (R-3) magnetic symmetry (Γ 5g ) by refi nement 
using NPD data at 150 K (see S1, Supporting Information). With 
temperature further cooling to 100 K, several new magnetic 
peaks appear, shown in Figure  1 e, suggesting the occurrence of a 

  Strongly correlated materials have gained great interests in 
practical applications for their abundant properties. [ 1–3 ]  In the 
strongly correlated systems, varying external fi eld can affect 
multi-physical quantities simultaneously and induce inter-
esting physical properties, such as magnetoelectric (ME) effect 
for Cr 2 O 3  [ 4 ]  in magnetic or electric fi eld, giant magnetocaloric 
effect (MCE) for Gd 5 Si 2 Ge 2 , [ 5 ]  LaFe 13−   x  Si  x  -based alloys [ 6 ]  and 
MnFeP 0.45 As 0.55  [ 7 ]  in magnetic fi eld. In particular, the applied 
external pressure fi eld is an effective way to alter electronic 
structure, electronic density, magnetic structure, etc. of a 
material by changing the interatomic distances in its struc-
ture, which leads to important physical phenomena such as 
magnetic collapse, [ 8–10 ]  metal–insulator transitions (MITs) in 
3d transition-metal compounds, [ 11–13 ]  valence fl uctuations or 
Kondo-like characteristics in f-electron systems, [ 14,15 ]  or the 
emergence of superconducting phases. [ 16,17 ]  Many reports have 
revealed that the pressure is able to induce phase transitions 
including lattice, electronic, and magnetic phases for the strong 
spin-lattice coupling, and result in new pressure-induced phys-
ical properties, such as the barocaloric effect (BCE), [ 18–20 ]  which 
has a potential application in solid-state refrigeration. 

 As a strong spin-lattice coupling system, antiperovskite 
compounds, Mn 3 XN (where X represents transition metals 
and semiconducting elements), with a noncollinear magnetic 
ground state induced by the geometric frustration in the Mn 6 N 
octahedron, are able to exhibit unique physical properties, such 
as abnormal thermal expansion, [ 21–24 ]  unusual phase separa-
tion, [ 25 ]  near zero temperature coeffi cient of resistivity, [ 26,27 ]  
magnetostriction, [ 28 ]  and MCE. [ 29 ]  Among those, Mn 3 GaN 
with the triangular Γ 5g  magnetic structure has attracted much 
attention due to its near zero thermal expansion and large 
negative thermal expansion behaviors, which were found to 
be related to the Γ 5g  magnetic phase and the Γ 5g -paramagnetic 
(PM) transition, respectively. [ 30 ]  Particularly, the giant BCE was 
reported in Mn 3 GaN [ 31 ]  and the piezomagnetic effect (without 
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new magnetic phase which has never been reported in Mn 3 GaN 
system before. As shown in Figure  1 c, the new magnetic struc-
ture with ferrimagnetic characteristic is labeled as M-1, which 
has a tetragonal (P 4) symmetry. Figure  1 f shows the difference 
between the observed and calculated intensity ( I  obs − I  calc ) fi tted 
by nuclear and Γ 5g  structure, combined two magnetic structures 
(Γ 5g  and M-1) with nuclear structure, respectively, at 6 K. From 
these curves, we can clearly identify the magnetic peaks for M-1 
structure, while the magnetic peak (0.5, 0.5, 0), located at the 
position of nuclear (110) peak, stands for the ferromagnetic 
components in the M-1 magnetic structure for Mn 3 Ga 0.95 N 0.94 . 
The refi nement results indicate that the phase fraction of the 
M-1 magnetic phase remains 79% in the coexistence with 
the Γ 5g  AFM phase at temperature range of 50–6 K. The lattice 
parameters for M-1 magnetic structure along x, y, and z axes are 

 a  M  =  b  M  = √2  a  and  c  M  =  a  ( a  is the lattice parameter of the 
nuclear structure), respectively. The refi nement results of the 
magnetic structure show that the Mn atoms have three different 
locations in this magnetic structure: Mn1 1a (0, 0, 0), Mn2 2b 
(0.5, 0.5, 0), Mn3 4d (0.25, 0.25, 0.5), as shown in Figure  1 c. On 
the  z  = 0 plane, Mn1 and Mn2 atoms only have antiferromag-
netic components alone z axis. The Mn3 atoms at the  z  = 0.5 
plane have two magnetic moments: one is the “square” antifer-
romagnetic component in the plane, and another is the ferro-
magnetic component along the z axis direction just the same 
direction as Mn2 atoms. The refi ned Γ 5g  moment for Mn atoms 
at 6 K is 2.68(5)  µ  B . For the M-1 phase, the refi ned “square” anti-
ferromagnetic component moment for Mn3 atoms is 2.18(2)  µ  B  
and the ferromagnetic component moment is 0.7(2)  µ  B,  while 
the collinear antiferromagnetic moment is 0.89(7)  µ  B  for Mn1 
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 Figure 1.    a) Crystal structure, (b) Γ 5g  magnetic structure, and (c) the new M-1 magnetic phase of Mn 3 Ga 0.95 N 0.94 . d) Temperature dependence of the 
phase fraction for each phase in Mn 3 Ga 0.95 N 0.94  under atmospheric pressure. e) Nuclear, Γ 5g  and M-1 magnetic peak fi ts at 6 K. The crosses show the 
experimental intensities ( I  obs ), the upper solid line shows the calculated intensities ( I  calc ), and the lower solid line is the difference between observed 
and calculated intensities ( I  obs − I  calc ). The vertical bars mark the angular positions of the nuclear (the fi rst row, including peaks for MnO) and magnetic 
(Γ 5g  at the second row and M-1 at the third row) Bragg peaks. The marked peaks are corresponding to the new magnetic peaks. f) The top solid line 
shows the difference ( I  obs − I  calc ) generated by nuclear, Γ 5g  and M-1 magnetic fi tting at 6 K. The bottom solid line shows the difference ( I  obs − I  calc ) gener-
ated by nuclear and Γ 5g  magnetic fi tting only at 6 K, so that the contributions by the M-1 magnetic structure are clearly visible.
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and Mn2 at 6 K. The phase coexistent phenomena have also 
been reported in Mn 3 ZnN. [ 24,25 ]  Generally, the coexistence of 
the magnetic phases or phase separation behaviors indicates 
the thermodynamic competition between the phases with nearly 
identical free energies. [ 25,35 ]  The triangular Γ 5g  and tetragonal 
M-1 magnetic phase in Mn 3 Ga 0.95 N 0.94  form the nearly identical 
free energies at ground state inducing their stably coexistence 
below 50 K.  

  Figure    2  a shows the temperature dependence of magnetiza-
tion  M ( T ) in the fi eld cooling (FC) way under the selected applied 
pressures and an external magnetic fi eld of 50 KOe, and presents 
the magnetic transformation under the ( T ,  H ) external fi elds. 
Figure  2 b shows the extremum of the d M /d T - T  curves from 200 
to 300 K. Two magnetic transitions can be found with increasing 
temperature, which is in agreement with the results shown in 
Figure  1 . The corresponding transition temperatures are defi ned 
as  T  t  and  T  N , respectively. Furthermore, with increasing pres-
sure, the Neel temperature  T  N  moves to low temperature and 
then disappears at 750 MPa. The transition temperature  T  t  fi rst 
increases, but then decreases as the Γ 5g  phase disappears when 
the pressure increases higher than 750 MPa.  

 In order to differentiate the specifi c evolution for each mag-
netic structure and the spin ordering transformation under 
external ( T ,  P ) fi elds, the NPD analysis at different tempera-
tures and pressures is carried out, as shown in Figure  2 c – f. 
With increasing pressure, the antiferromagnetic (AFM) 
ordering temperature  T  N  decreases and the magnetic transition 
temperature  T  t  increases, which is in agreement with the  M–T  
measurements (Figure  2 a,b). The temperature range for exist-
ence of the Γ 5g  phase also becomes narrower with increasing 
pressure, suggesting that the Γ 5g  magnetic structure is unstable 
under pressure. As the pressure increasing to 450 MPa, Γ 5g  
phase always stably coexists with the PM phase in the temper-
ature range of 166–175 K. The 180–196 K temperature range 
under 600 MPa shows a special three-phase coexistence zone 
of M-1, Γ 5g , and PM phases, where the phase fraction for Γ 5g  
phase remains 77.7%, while the M-1 phase fraction increases 
and the PM phase fraction decreases upon cooling. 

 From Figure  2 , it can be seen that the pressure can enable 
the phase transition to occur at a higher temperature, e.g., the 
Γ 5g  AFM to M-1 ferrimagnetic (FIM) phase transition tempera-
ture changes from 100 to 195 K with the pressure increasing 
from 0 to 750 MPa. Therefore the baromagnetic effect (BME) 
can be obtained under pressures at certain fi xed temperatures, 
i.e., 130 K.  Figure    3  a indicates the change of the Γ 5g  AFM to 
M-1 FIM phase transition temperature with increasing pressure, 
and Figure  3 b shows the macroscopic magnetism measured by 
SQUID. At 130 K, the macroscopic magnetism changes from 
0 µ −( . .)B

1f u  at Γ 5g  AFM phase to 0.63 µ −( . .)B
1f u  at M-1 FIM 

phase under the pressure of 750 MPa.  
 Next, we will discuss the BME using the  M – T  curves under 

increasing pressure with the magnetic fi eld of 50 KOe. The BME 
can be described by the difference between the magnetic moments 
at different pressure as represented by the parameter ΔMp: 

 ( )Δ = −, ( , )0M M T p M T pp     ( 1)  

 where  p  0  stands for the atmospheric pressure and ( , )M T p  is 
the magnetization under thermal and pressure ( T ,  p ) fi elds 

with the magnetic fi eld of 50 KOe as shown in Figure  3 a. 
Upon applying different pressure fi elds, the ΔMp curves show 
peaks at 105 K with the external magnetic fi eld of 50 KOe. 
The maximum ΔMp with the applied magnetic fi eld 50 KOe is 
0.19 µ −(Mn atom)B

1, i.e., 0.57 µ −( . .)B
1f u  at 105 K and 1000 MPa. 

Such BME is totally caused by the local ferromagnetic com-
ponent moments, which could be easily detected from the 
changes of the interatomic distances. Moreover, the BME for 
the spontaneous magnetization ( M  S ) at 130 and 170 K have 
also been discussed. Based on the isothermal magnetization 
and Arrott plots under the selected hydrostatic pressures, the 
 M  S  data can be obtained by extending the  M  2  -H/M  curve to 
 H/M  = 0 position, [ 36 ]  as shown in S3 (Supporting Informa-
tion). The pressure dependences of  M  S  at 130 K and 170K are 
shown in Figure  3 b. The  M  S  for Γ 5g  AFM phase is zero. The 
maximum BME for the Γ 5g  AFM phase to M-1 phase transi-
tion is 0.21 µ −(Mn atom)B

1, i.e., 0.63 µ −( . .)B
1f u  at 130 K with 

the pressure of 750 MPa, while the distance between Mn 
atoms (d Mn–Mn ) decreases from 2.75845(6) to ≈2.733 Å. 

 The specifi c BME obtained at 130 K is accompanied with the 
decreasing Mn–Mn distance and the magnetic phase transition 
from the Γ 5g  phase to the M-1 phase, i.e., the spin re-orienta-
tion induced by pressure is shown in  Figure    4  . The path of spin 
re-orientation from AFM phase to FIM phase is determined by 
the magnetic structures of the two phases: Γ 5g  and M-1. The 
nearly identical free energies at ground state for the two meta-
stable noncollinear magnetic phases indicate that it is easy to 
cause the phase transition (spin re-orientation) from Γ 5g  to M-1 
by pressure. It is useful to discuss the characteristics of the two 
magnetic structures to clarify the transformation path of the 
Mn spin. On the other hand, the hydrostatic pressure induces 
also the change of another magnetic transition from Γ 5g  AFM 
phase to PM state at higher temperature, which is shown in 
Figure  3 c,d and will be discussed for a while. For clarifying 
the change of the spin orientation by the hydrostatic pressure, 
Figure  4 a illustrates the magnetic order in the (111) plane of 
the Γ 5g  magnetic structure, which can clearly display the char-
acteristic of the noncollinear triangular AFM at 130 K without 
any applied pressure fi eld. The spin orientations of the M-1 
magnetic structure are shown in Figure  4 b. The (201) plane for 
the M-1 phase is just the same as the (111) plane in Γ 5g  phase. 
However, the directions of the magnetic order in the M-1 phase 
are not solely in the (201) plane, which means that the spin 
rotations in the spin re-orientation process do not only occur in 
the (201) plane, but proceed in a way that some components are 
out of the (201) plane. The magnetic components in and out of 
the (201) plane for Mn atoms in the M-1 phase are displayed in 
Figure  4 c. The magnetic moments for Mn1 and Mn2 atoms are 
the same magnitude but in the opposite direction. The Mn1/
Mn2 in Figure  4 c is corresponding to Mn1 or Mn2 atom in M-1 
magnetic structure. The Mn3 atoms shown “square” antiferro-
magnetic moment in M-1 magnetic structure have two types of 
different components in the (201) plane, which are labeled as 
Mn3-1 and Mn3-2 in Figure  4 b. Figure  4 d shows the spin re-
orientation process for each Mn atoms in the (201) plane with 
the applied pressure fi eld from 0 to 750 MPa. Under a pressure 
of 750 MPa, the angles of the spin rotations in (201) plane for 
Mn1/Mn2, Mn3-1 and Mn3-2 atoms during the spin re-orienta-
tion process are 90°, 30°, and ≈45.4°, respectively, accompanied 
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with the Mn–Mn distance decreasing from 2.75845(6) 
to ≈2.733 Å. On the other hand, although the spin re-orientation 
can be successfully induced by pressure fi eld, it is diffi cult to 

be produced by magnetic fi eld, because there were no obvious 
shifts of the magnetic transition temperature with increasing 
magnetic fi eld from 100 Oe to 50 KOe.  
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 Figure 2.    a) Temperature dependence of magnetization (FC) of Mn 3 Ga 0.95 N 0.94  under selected hydrostatic pressures with external magnetic fi eld of 
50 KOe, which shows the obvious magnetic transition from M-1 to Γ 5g . b) The extremum of the d M /d T - T  curves in the temperature range of 200–300 K, 
showing the Γ 5g  - PM transition. c–f) Temperature dependence of the phase fraction for Mn 3 Ga 0.95 N 0.94  at 150 MPa, 300 MPa, 450 MPa and 600 MPa, 
respectively. The solid line with circle and rhombus symbols are the phase fractions for M-1 and Γ 5g  phases, respectively. The dotted lines with circle 
symbol stands for the phase fraction of PM phase, analyzed from NPD data.
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 NPD data also revealed the magnetic moment change upon 
the pressure-induced magnetic transition from the Γ 5g  phase to 
PM phase. The temperature dependence of the fi tted magnetic 
moment m fi t  from 200 to 290 K at the selected hydrostatic pressures 
for Mn 3 Ga 0.95 N 0.94  is shown in S4 (Supporting Information). The 
pressure-induced difference of the fi tted magnetic moment Δmp 
shown in Figure  3 c can be obtained from the following equation: 

 ( ) ( )Δ = −, ,fit fit 0m m T p m T pp     ( 2)    

 The maximum of the pressure-induced fi tted magnetic 
moment change Δmp under 600 MPa is −2.278 µ −( . .)B

1f u  at 
220 K for the AFM magnetic transition (from Γ 5g  phase to PM 
phase). Figure  3 d shows the pressure dependence of the fi tted 
magnetic moment m fi t  at 230 K. The pressure-induced fi tted 
AFM magnetic moment change for the transition from Γ 5g  
phase to PM phase is −2.164 µ −( . .)B

1f u  from 0 to 600 MPa with 
the  d  Mn–Mn  changing from 2.75784(8) to 2.7380(1) Å. 

 To fully understand the typical BME mechanism, we focus 
on the change of Mn–Mn distance and the spin orientation 
with various pressure fi elds. As an intermetallic compound, 
the magnetism change induced by the Mn interatomic distance 
 d  Mn–Mn  in Mn 3 Ga 0.95 N 0.94  can be well explained by Ruderman–
Kittel–Kasuya–Yosida (RKKY) interaction theory. [ 37–39 ]  According 
to the theory, the exchange integral Jij can be expressed as 

π
= − −J

mk

h
J F k r r lij

F
F ij ij

2
(2 )exp( / )

4

2 pd
2 , where rij is the distance 

between the magnetic atoms at sites  i  and  j . [ 40 ]  The change of 

magnetic atom distance rij  can vary the exchange integral Jij, 
which results in the magnetism change of the compound. 
Further change of the magnetic atoms distance  d  Mn–Mn  accom-
panied with a spin structure change, i.e., spin re-orientation 
induced by pressure fi eld can lead to a considerable macroscopic 
magnetic moment change, which is the main cause of the BME 
obtained in Mn 3 Ga 0.95 N 0.94  here, as described in Figure  4 . 

 In 2008, a piezomagnetic effect in Mn 3 GaN was calculated 
by Lukashev et al. [ 32 ]  As a noncollinear antiferromagnetic, the 
spin rotations easily occur with the application of the strain 
fi eld, which induces the considerable piezomagnetic effect, i.e., 
0.04 µ −( . .)B

1f u  at 1% of compressive strain for the Γ 5g  AFM 
phase in Mn 3 GaN. However, for the whole application process 
of strain fi eld as predicted, the Γ 5g  AFM magnetic phase which 
does not display macroscopic magnetic property is always 
stably existing under strain fi eld, which is quite different from 
the BME reported here. The piezomagnetic effect is caused by 
the spin rotations with the application of an inner strain fi eld in 
solid lattice, induced probably by lattice distortion or elemental 
doping. However, the angles for spin rotations are very small 
and there is no obvious magnetic phase transition in the pro-
cess. But for BME, the magnetic change is mainly induced by 
the distance of magnetic atoms decreasing and the spin reori-
entation under pressure fi eld indicating an obvious magnetic 
phase transition here. The BME at 130 K for Mn 3 Ga 0.95 N 0.94  is 
0.63 µ −( . .)B

1f u  with the pressure fi eld of 750 MPa, i.e., ≈−9‰ 
strain change which is nearly 15 times more than the calculated 
piezomagnetic effect in Mn 3 GaN. [ 32 ]  Moreover, the previous 
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 Figure 3.    a) Baromagnetic effect (BME) obtained from the  M – T  curve, under the applied hydrostatic pressures with an external magnetic fi eld of 50 KOe. 
b) Pressure dependence of the spontaneous magnetization at 130 and 170 K. c) Fitted magnetic moment change as a function of temperature, associated 
with the isothermal application of the hydrostatic pressures (from atmospheric pressure up to the indicated value) for Mn 3 Ga 0.95 N 0.94 . d) Fitted mag-
netic moment mfit as a function of the applied hydrostatic pressure for Γ 5g  and PM two-phase coexisting range at 230 K without applying magnetic fi eld.
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work did not predict and consider the occurrence of the M-1 
FIM phase, which is just the important factor for the special 
BME besides the change of the Mn–Mn distance due to the 
strain by pressure. The pressure-induced spin re-orientation 
from Γ 5g  AFM phase to M-1 FIM phase should be primarily 
responsible for the greater BME observed than the calculated 
piezomagnetic effect. 

 In conclusion, the evolution of the magnetic phases under 
external fi elds ( T ,  P ) for Mn 3 Ga 0.95 N 0.94  has been systemati-
cally studied. A new FIM magnetic structure M-1 phase is for 
the fi rst time found in coexistence with the Γ 5g  AFM phase 
in the low temperature range of 6–50 K. Correspondingly, a 
hydrostatic pressure fi eld can modify the existence of M-1, 
Γ 5g  and PM phases and induce considerable magnetic phase 
transitions. As a result, in Mn 3 Ga 0.95 N 0.94  a large BME with 
the macroscopically measured value of 0.63 µ −( . .)B

1f u  for 
the Γ 5g  to M-1 phase transition at 130 K was observed, and a 
value of −2.164 µ −( . .)B

1f u  for the Γ 5g  to PM phase transition 
at 230 K under the hydrostatic pressure fi eld was obtained by 
NPD data analysis. We believe that the BME is the result of 
the strong coupling effect between the lattice and spin. The 
pressure introduces the change of Mn–Mn distance and the 
re-orientation of spin ordering, i.e., magnetic phase transi-
tion, thus induces the change of the macroscopic magnetism. 
Our study opens a new venue toward fi nding, tuning, and 

producing high-level ME intelligent devices and instruments 
for the future.  

  Experimental Section 

 Polycrystalline samples of the nominal composition Mn 3 GaN was 
prepared by a solid-state reaction in vacuum (10 −5  Pa), using Mn 2 N, 
which was synthesized by sintering Mn powder (4N) in nitrogen gas 
fl ow and Ga (4N) as staring materials. Stoichiometric amounts of Mn 2 N 
powder and Ga pellets were mixed and sintered for 2 h in the Ar gas 
fl ow. The mixed powder was then pressed into pellets after mechanical 
grinding, sealed in vacuum in a quartz tube, sintered at 800 °C for 
several days, and then cooled to room temperature. 

 Neutron powder diffraction (NPD) data were collected using the 
BT-1 high-resolution neutron powder diffractometer at NIST Center 
for Neutron Research (NCNR). A Cu (311) monochromator was 
used to produce monochromatic neutron beam with wavelength of 
1.5403 Å. Neutron diffraction data were collected in the temperature 
range of 6–300 K. The crystal and magnetic structures were determined 
by the Rietveld refi nement method using the General Structure Analysis 
System (GSAS) program, [ 41 ]  where the neutron scattering lengths 
were used of −0.373, 0.729, and 0.936 (×10 −12  cm) for Mn, Ga, and N, 
respectively. The pressure effect on the NPD pattern was studied in the 
BT-1 instrument using an aluminum cell and helium gas as the pressure 
medium. [ 42 ]  The magnetic measurements under selected pressure fi eld 
were carried out using a Quantum Design superconducting quantum 
interference device (7T-SQUID) magnetometer (10−350 K, 0−70 KOe) 

 Figure 4.    a) Magnetic order on Mn sites in (111) plane of Γ 5g  AFM structure. The Mn–Mn distance at 130 K under atmospheric pressure is also 
displayed. b) Magnetic unit cell for M-1 FIM phase. The (201) plane marked with shadow in M-1 structure is just the same as the original (111) plane 
in the Γ 5g  structure. The black arrow shows the collinear antiferromagnetic moment of Mn1 and Mn2 atoms, while the gray arrow gives the resultant 
vector of magnetic order for Mn3 atoms. We separate the Mn3 atoms in (201) plane as Mn3-1 and Mn3-2 atom. c) The magnetic components in the 
(201) plane (dark arrow) and out of the (201) plane (light arrow) for the M-1 magnetic structure. d) The spin re-orientation in the (201) plane, i.e., 
(111) plane, from Γ 5g  to M-1 phase by pressure. The Mn–Mn distance at 130 K under 750 MPa is shown.
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system and hydrostatic pressure cell (easyLab Mcell 10) of Steady High 
Magnetic Field Facilities (SHMFF) at High Magnetic Field Laboratory, 
Chinese Academy of Science in Heifei Province. All the tests are obtained 
by warming processes.  
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from the author.  
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