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1. Variation of magnetic moment and energy difference with U value
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Figure S1 The changes of magnetic moment (a) and energy difference of U (b) in the range 1-7
respectively.

Only using the method of PBE will ignore some interrelated effects of electrons. Especially
for transition metal elements, which have 3d orbits, the method of Hubbard Coulomb interaction
U should be deemed to improve the accuracy of calculation. So, the Ni atom, in the calculation
process, adopts the method of PBE+U to deal with the strongly correlated system. In order to
better find out the appropriate U, we also tested the U theoretically. The Ni(NCS), monolayer
maintains the ferromagnetic ground state regardless of how the U value is varied from 1 to 7. The
magnetic moment on single Ni increases linearly with the increase of U value (as shown in Figure
S1a). Not only that, but the variation of £ with U is also interesting. When U value is between 1
and 4, the value of £ decreases rapidly; as U exceeds 4 and increases, £ value decreases gradually,
and finally the curve tends to be smooth (as shown in Figure S1b). Therefore, we decide to use U
= 4 to calculate the properties of the Ni(NCS), monolayer. Besides, the lattice parameters of bulk
after relaxation (under U.p=4 eV )is a = 10.6115 A, b =3.6728 A, ¢ = 6.1614 A, respectively,
which in good agreement with the experimental values (a = 10.5070 A, b = 3.6189 A, ¢ = 6.1625
A)'. Therefore U,;= 4.0 eV is adopted within the GGA+U calculations.
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2. The detailed structural information of bulk and monolayer Ni(NCS), after
relaxation.
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3. The different magnetic configurations of ferromagnetic (FM) and
antiferromagnetic (AFM) for Ni(NCS), monolayer.

Figure S2 The different magnetic configurations of Ni(NCS), monolayer

Based on the calculated total energies of different magnetic configurations (Figure S2) and
normalized S (|S| = 1), the exchange parameters J; and J, can be derived by following equations:
Epy=Eo- U, +2])IS1P-41s (D)

Eppmn = Eg = (=JDISI* - AISI? (2)
Epemz = Eo— U1 - 211812 - 4IS1P - (3)
E| is the total energy excluding the magnetic coupling (not sensitive to different magnetic states).
For, anisotropy energy parameter 4, spin—orbital coupling (SOC) calculations are performed on
2D Ni(NCS), monolayer crystal to obtain the relative stability along three magnetization
directions in plane, that is (100), (010), and (001) direction. A is calculated to be -415 1€V by
using the magnetic anisotropy energies as below:

Ao E(100) - E(001)

|51

4. The Poisson's ratio (v) and the in-plane Young’s modulus
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Figure S3 Calculated orientation-dependent Poisson's ratio (a), and Young's modulus (b).

The Poisson's ratio and the in-plane Young’s modulus can represent the elastic properties of
2D materials, which were plotted based on the calculated elastic constants (Figure S3). The
calculated the Poisson's ratios along x- and y-axis for the Ni(NCS), monolayer are 0.30 and 0.082,
respectively, suggesting its high anisotropy in space. For Young's modulus of Ni(NCS),
monolayer the maximum value is 85.9 N/m along x-axis, which is comparable with that of silicene



(61 N/m) and a litter lower than that of MoS, monolayer (123 N/m). The result also reveals strong
anisotropy of Ni(NCS), monolayer.

5. Electronic structure of Ni(NCS), monolayer.
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Figure S4 The orbital-projected density of states of the Ni_d orbit calculated under the PBE+U (a)
and HSE06 (b) methods. The orbital-projected density of states of the £, orbit and e, orbit
calculated under the PBE+U (c) and HSEO06 (d) methods.
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Figure S5 (a) The spin charge density distribution of Ni(NCS), monolayer with the isosurface
value of 0.002 e/bohr3. Yellow represents spin-up and blue represents spin-down. (b) Octahedral
crystal of hex-coordinated Ni atom.



6. Under the applied strain and doping, the magnetic moment change and band
structures of Ni(NCS), monolayer.
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Figure S7 Band structure of Ni(NCS), monolayer under tensile strain.

Figure S6 shows that the band gap becomes smaller with the application of a stretching -1%
to -3% compressive strain whether it is uniaxial or biaxial compressive strains. Figure S7
demonstrates that a larger band gap can be obtained with tensile strain and the band gaps increases
as the tensile strain increases (from 1% to 3%). This result shows tunable band gaps of Ni(NCS),

monolayer.
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Figure S8 Changes of magnetic moment under different strain (x-axis (a), y-axis (b), and xy-axis
(c)) and doping (d).
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Figure S9 Band structures of doping with two holes (a), one hole (b), two electrons (c), and one

electron (d), respectively.
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