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The linear response theory (LRT)
The Hubbard U can be calculated directly by the response function as follows,
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occupations (n) to a small localized perturbation potential shift . An occupation-dependent
energy functional is required for the self-consistent solution of the Kohn-Sham equations. The
effective interaction parameter U of site / can then be calculated as follows:
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where £ 0 and X represent the Kohn-Sham and the non-interacting inverse density respons

e functions of the system with respect to the localized potential shift, respectively. The self-co
nsistent determination of U was performed with VASP. (http://grandcentral.apam.columbia.ed
u:5555/tutorials/dft_procedures/linear_response_u/index.html).
Spin Hamiltonian

The exchange interaction can be conveniently studied by mapping the total energies of the

systems with different magnetic orderings to the Ising model with J;, J,, and J;, respectively:
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where S; is the magnetic moment at the Ni site and (i, j), (i, k), and (i, 1) the nearest, next-nearest,

and next-next-nearest Ni atoms, respectively. By mapping the DFT energies to the Hamiltonian,
1



Jcan be calculated from the following equations:

Epy= Eo- (4], + 2], + 4J5)S*
Enpm= Eo= (21~ 2/,-49)S”
Eepn = Eo— (= 2], +4J5)S?

Eppz= Eg—(41-2];- 4]3)52
Biaxial strain

Biaxial strain stretching is defined as € = (a-ag)/ay x 100%, where a and a, are the lattice

constants of the strain structure and the plane structure, respectively.
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Fig. S1 The collinear magnetic models and the ferromagnetic (FM), the antiferromagnetic

(AFM), and two ferrimagnetic (FIM) states for calculating the magnetic ground state of c-
Ni;HTB and p-Ni;HTB. Three magnetic exchange coupling constants (J;, J,, and J;) are shown.
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Fig. S2 Band structures of p-Ni;HTB with spin-orbital couplings (SOC).
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Fig. S3 Band structures of c-Ni;HTB by applying biaxial strain from 0 to 5%. Spin-up and spin-
down is marked with red and black lines.
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Fig. S4 Top and side views of the (a) 2 X2 X1 p-Ni;HTB supercell, the most stable adsorption

of (b) H,0, (c) Ny, (d) CO, (e) NO, (f) NO, molecules on 2 X2 X1 p-NizHTB supercell.
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Fig. S5 (a) The formation energies of the corrugated and planar phases of Ni;HTB, Cu;HTB,
and Cu;HSB. The total potential energy of MOFs as a function of simulation time for (b) c-

Cu;HTB and p-Cu;HTB (¢) ¢-CusHSB and p-Cu;HSB by using ab-initio molecular dynamics
(300K) in 9 ps.
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Fig. S6 Top and side views of (a) c-Cu;HTB, (b) p-Cu;HTB, (c¢) c-Cu;HSB, and (d) p-Cu;HSB.

Band structures and PDOS of (e) c-Cu;HTB, (f) p-Cu;HTB, (g) c-CusHSB, and (h) p-Cu;HSB,

respectively.
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Fig. S7 Top and side views of the CO, molecular adsorbed and desorbed on the p-Cu;HTB and

p-CusHSB.
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