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TABLE S1: Calculated optimized lattice constants (a), nearest Mn—Mn distances (d), Mn-X-Mn angles (o),
cohesive energy (AFE.qp), and the energy differences of the FM and AFM2 states with respect to the AFM1 state

(meV /unit cell).

Material a (A) d (A) (67 (O) AEcoh (eV/atorn) AFErM—AFrM1 AEAFMQ,AFMl
MnoFo 3.07 2.64 91.7 -4.180 374.972 281.069
Mn2Cl, 3.37 2.66 84.9 -3.297 583.703 480.695
MnsBrs 3.54 2.69 84.0 -2.957 621.503 536.694
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FIG. S1: Phonon spectra of MnyBry and MnsFs.
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FIG. S2: AIMD simulations of MnyBrs and MnoFs.
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FIG. S3: ELF of MnyBry and MnsyFs.
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FIG. S4: Ty of monolayer MnsXs .
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FIG. S5: PBAND of monolayer MnyBry without SOC.
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FIG. S6: Band structures of MnyCly and MnyFo with and without SOC.
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FIG. S7: Band structure of Mn,Bry in the FM state with SOC.
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FIG. S8: Total energies of monolayer MnsXs for different magnetic configurations as a function of the Hubbard U,

with the energies measured relative to the AFM1 state.
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FIG. S9: Band structures of MnyBry without SOC under different Hubbard U values.
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S10: Band structures of MnyBry with SOC under different Hubbard U values.
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FIG. S11: Band structures of MnyCly without SOC under different Hubbard U values.
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FIG. S12: Band structures of MnyCly; with SOC under different Hubbard U values.
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FIG. S13: Band structures of MnyF9 without SOC under different Hubbard U values.

w
w
w

]
)
[S)

15.212meV 16.813meV 18.208meV

|
D
|
S
|
S

|
w

|
w

. . 3 N ; :
r K K r
Mn,F,(U=1eV) Mn,F,(U=2eV)

K
~
2
K

T
Mn,F,(U=0eV)

— S w
— ) w

=]

19.059meV 19.789meV

Energy(eV)
|

|
5]

|
5]

I
w

I
w

£
~
Z
£

T T
Mn,F,(U=3¢V) Mn,F,(U=5¢V)

FIG. S14: Band structures of MnsF9 with SOC under different Hubbard U values.
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FIG. S15: Band structures of MnsBrs without SOC under different strain values.
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FIG. S16: Band structures of MnyBry with SOC under different strain values.




3
2
-
21
>
Y I
) ~
= L
= -1 N 7/
N /
-2 s
LT\
3L o, —l: N

~
> 1 % ~
[
> 3 v
Y -
=
=l N\ /
N .
5 ~
73 Z ’/_-'_.\\ ~
M K I K'
Mn,Cl,(+6%)

Energy(eV)

2.957TmeV

21.119meV

3 —
o~ / — T o~ P 7 ~ ~
>> P ~ - >} r - —
2 0 I L -
N N o~ CH R s
=l L / =l L /
N~ / N o~
-2 "y .\\\ =2t 4N~
-3 S ////,—":\\ \\ -~ —3\\"\,’,/’7\“\\§ N =
M K M M K T K
Mn,CL(-6%) Mn,Cl,(-4%)
3
~- -
s s
I 2
& o B
b I\ T =
g - ] 2
=l N\ s =
N v
-2 N s g
5 PN
M K r K M
Mn,Cl,(+2%)
FIG. S17: Band structures of MnsCly without SOC under different strain values.
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FIG. S18: Band structures of Mn,Cly, with SOC under different strain values.
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FIG. S19: Band structures of MnsF5 without SOC under different strain values.
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FIG. S20: Band structures of MnsF5 with SOC under different strain values.
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FIG. S21: Berry curvatures of monolayer MnsBry and MnsFs.
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