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Supplemetal Information:
Mn,P,S5Se;: two-dimensional Janus room-temperature antiferromagnetic

semiconductor with a large out-of-plane piezoelectricity
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SI.  SUPPLEMENETAL RESULTS

TABLE S1. The energy for different magnetic configurations with respective to the Néel-AFM configuration, the absolute
magnetic moment of the Mn atom, exchange coupling constants, and magnetic critical temperatures calculated by GGA+U
and HSEO06 functionals. Note that critical temperatures are estimated from exchange coupling constants based on the mean-
field formula. The unit cell is a square cell in the table.

GGA + U (U=3.0 eV) HSE06

EnarMm (meV/u.c.) 0.00 0.00
E,arm (meV/u.c.) 50.11 45.85
Esarm (meV/u.c.) 64.56 54.40
Erm (meV/u.c.) 131.70 111.96
M (1B) 4.49 451
J1 (meV) -1.45 -1.27
J2 (meV) -0.11 -0.07
J3 (meV) -0.72 -0.56
Treel (K) 315 275
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FIG. S1. The magnetic energy for nAFM, zAFM, sAFM, and FM configurations with respective to the nAFM configuration
of 2D Janus Mn2P2S3Ses monolayer.
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FIG. S2. (a) The canted spin configuration and (b) its magnetic energy as a function of the canted angle « with respective to
the nAFM configuration of 2D Janus Mn2P2S3Ses monolayer. Here, «=0/90° denotes the nAFM/FM configuration.

FIG. S3. 3D real-space spin charge density of 2D Janus Mn2P2S3Ses monolayer. Red and blue colors denote spin-up and
spin-down components, respectively.
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FIG. S4. The spin-polarized band structure calculated by HSE06 functional of 2D Janus Mn2P2S3Ses monolayer.
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FIG. S5. The orbital-projected band structures and density of states of different elements for 2D Janus MnP2S3Ses monolayer:
(a) Mn; (b) P; (c) S; (d) Se.
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FIG. S6. (color online) The spin-polarized band structures of the Janus MnsP2S3Ses monolayer at different strains. The
positive and negative values denotes biaxial tensile and compressive strains, respectively.
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FIG. S7. (color online) The strain dependence of MAE (Ego1) — E(100)) for Janus MnaP2S3Ses monolayer.

THE SUPPLEMENTAL STRUCTURE FILE IN VASP FORMAT
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