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TABLE S1. Energy difference between FM and AFM states, ΔE=EFM-EAFM (meV/TM) for MSBr and 
Janus M₂S₂BrX (M = Cr/V, X = F, Cl, I) monolayers with/without SOC.

With SSC W/o SSC

CrSBr -40.85 -42.82
Cr2S2BrF -30.67 -32.88
Cr2S2BrCl -39.56 -41.74
Cr2S2BrI -41.59 -44.20
VSBr -26.81 -31.45
V2S2BrF -26.12 -33.00
V2S2BrCl -27.68 -32.86
V2S2BrI -26.08 -30.72



TABLE S2. Hubbard U parameter test for VSBr: Magnetic state and lattice constant evolution U and 
JH in eV.

U (eV) JH (eV) EFM-EAFM (meV/TM) a (Å) b (Å)

1.36 0.39 -23.84 3.49 4.91
2.36 0.39 -24.95 3.53 4.99
3.36 0.39 -26.81 3.55 5.02
4.36 0.39 -27.55 3.57 5.05
5.36 0.39 -27.47 3.59 5.09



TABLE S3. Hubbard U parameter test for CrSBr: Magnetic state and lattice constant evolution U and 
JH in eV.

U (eV) JH (eV) EFM-EAFM (meV/TM) a (Å) b (Å)

2.03 0.96 -42.26 3.55 4.78
3.03 0.96 -46.55 3.56 4.80
4.03 0.96 -42.82 3.57 4.83
5.03 0.96 -50.58 3.59 4.85
6.03 0.96 -40.48 3.60 4.88



TABLE S4. Exchange parameters J for 2D CrSBr in different references.

J1 J2 J3 U (eV) J (eV)

this paper 2.25 3.15 1.61 4.03 0.96
calc1

[1] 1.66 3.09 1.52 4.03 0.96
calc2

[2] 4.29 3.23 3.04 4.03 0.96
calc3

[3] 3.22 4.11 2.78 4.00 1.00
calc4

[4] 5.05 5.54 1.87 3.00 /
expt[5] 1.90 3.38 1.67



FIG. S1. Atomic structures of Janus M₂S₂BrX (M = Cr/V, X = F, Cl, I) monolayers.



FIG. S2. Top views of AFM states of MSBr and M2S2BrX (M = Cr/V, X = F, Cl, I). Blue, yellow and 
red spheres denote M, S, and X atoms, respectively. Blue and green arrows represent the spin-up and 
spin-down moments, respectively. 



FIG. S3. Phonon dispersions for MSBr and M2S2BrX ((M = Cr/V, X = F, Cl, I)).



FIG. S4. Orbital-resolved SOC-MA contributions between V 3d orbitals in VSBr and Janus V₂S₂BrX 
(X = F, Cl, I) monolayers. Panels (a–d) show the SOC-MA contributions along the [100] directions, 
while panels (e–h) correspond to the [010] direction, with [001] taken as the reference axis. Positive 
(negative) values indicate orbital pairs favoring the out-of-plane (in-plane) magnetization direction.



FIG. S5 Spin-polarized PDOS for strained VSBr and Janus V₂S₂BrX (X = F, Cl, I) monolayers under 
biaxial strains ranging from –5% to +5%. Positive and negative values correspond to spin-up and spin-
down channels, respectively. The PDOS includes contributions from V-d (red), S-p (orange), Br-p 
(light blue), and X-p (dark blue) orbitals.
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