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(1) The bulk structures of marcasite- and pyrite-type NiS2

The marcasite-type bulk NiS2 [Fig. S1(a)] has an orthorhombic lattice in  𝑃𝑛𝑛𝑚

symmetry with two Ni atoms and four S atoms, occupying the 2c (0.0, 0.5, 0.0) and 4g 

(0.1832, 0.1108, 0.0) Wyckoff positions, respectively. Each Ni atom is six-fold 

coordinated with six S atoms, while each S atom is four-fold coordinated with three Ni 

atoms and one S atom. The calculated lattice parameters a = 4.60 Å, b = 5.57 Å, c = 

3.55 Å, with the bond lengths of dNi-S = 2.38 Å and dS-S = 2.09 Å. We can obtain the P-

NiS2 monolayer by cleaving along the (100) plane. 

The pyrite-type bulk NiS2 [Fig. S1(b)] has a cubic lattice in  symmetry with 𝑃𝑎3

four Ni atoms and eight S atoms, occupying the 4b (0.5, 0.5, 0.5) and 8c (0.1069, 

0.1069, 0.1069) Wyckoff positions, respectively. Each Ni atom is six-fold coordinated 

with six S atoms, while each S atom is four-fold coordinated with three Ni atoms and 

one S atom. The calculated lattice parameters a = b = c = 5.62 Å, with the bond lengths 

of dNi-S = 2.37 Å and dS-S = 2.08 Å. The bulk NiS2 is generally considered to be pyrite-

type structure.[1-5] We can obtain the O-NiS2 monolayer by cleaving along the (001) 

plane.

               (a) Marcasite-type         (b) Pyrite-type

Fig. S1: The bulk structures of (a) marcasite-type NiS2 and (b) pyrite-type NiS2. The 
unit cell is marked by black lines. The blue and yellow balls represent the Ni and S 
atoms, respectively. 

(2) The monolayer structures of O-, T- and H-NiS2 [6-10] 

The O-NiS2 monolayer [Fig. S2(a)] has a monoclinic lattice in 2  symmetry  𝑃 1/𝑐

with two Ni atoms and four S atoms, occupying the 2b (0.0, 0.0, 0.5) and 4e (0.1166, 
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0.3762, 0.4713) Wyckoff positions, respectively. Each Ni atom is four-fold 

coordinated with four S atoms, while each S atom is three-fold coordinated with two 

Ni atoms and one S atom, forming an intriguing pentagonal ring network known as the 

Cairo pentagonal tiling. The calculated lattice parameters a = 5.22 Å, b = 5.33 Å, the 

buckling height h = 0.57 Å, with the bond lengths of dNi-S = 2.17, 2.18 Å and dS-S = 

2.13 Å.

The T-NiS2 monolayer [Fig. S2(b)] has a trigonal lattice in  symmetry with 𝑃3𝑚1

one Ni atom and two S atoms, occupying the 1b (0.0, 0.0, 0.5) and 2d (0.3333, 0.6667, 

0.5583) Wyckoff positions, respectively. Each Ni atom is six-fold coordinated with six 

S atoms, while each S atom is three-fold coordinated with three Ni atoms. The 

calculated lattice parameters a = b = 3.35 Å, the buckling height h = 1.17 Å, with the 

bond lengths of dNi-S = 2.26 Å and dS-S = 3.03 Å. 

The H-NiS2 monolayer [Fig. S2(c)] has a hexagonal lattice in  symmetry 𝑃6𝑚2

with one Ni atom and two S atoms, occupying the 1d (0.3333, 0.6667, 0.5000) and 2g 

(0.0000, 0.0000, 0.4474) Wyckoff positions, respectively. Each Ni atom is six-fold 

coordinated with six S atoms, while each S atom is three-fold coordinated with three 

Ni atoms. The calculated lattice parameters a = b = 3.54 Å, the buckling height h = 

1.05 Å, with the bond lengths of dNi-S = 2.30 Å and dS-S = 2.10 Å.

Fig. S2: Top and side views of (a) O-NiS2 monolayer in 2  symmetry, (b) T-NiS2 𝑃 1/𝑐

monolayer in  symmetry, and (c) H-NiS2 monolayer in  symmetry. The 𝑃3𝑚1 𝑃6𝑚2
unit cell is marked by black dashed lines. h is the buckling height. The blue and yellow 



balls represent the Ni and S atoms, respectively.

Fig. S3: Energy per atom for (a) NiX2 and (b) PdX2 (X = S, Se, Te) monolayers in P- 
O-, T- and H-structures. 

(3) Total energy per atom for NiX2 and PdX2 (X = S, Se, Te) monolayers 

Fig. S3(a) presents the total energy per atom for P-NiX2 (X = S, Se, Te) pentagonal 

network structures (red) in comparison with those for O-, T- and H-NiX2 monolayers. 

For NiS2, the energetic stability sequence is estimated to be: H-NiS2 < T-NiS2 < O-

NiS2 < P-NiS2; for NiSe2, the energetic stability sequence is estimated to be: H-NiSe2 



< O-NiSe2 < P-NiSe2 < T-NiSe2; and for NiTe2, the energetic stability sequence is 

estimated to be: O-NiTe2 < H-NiTe2 < P-NiTe2 < T-NiTe2.

Fig. S3(b) presents the total energy per atom for P-PdX2 (X = S, Se, Te) pentagonal 

network structures (red) in comparison with those for O-, T- and H-PdX2 monolayers. 

For PdS2, the energetic stability sequence is estimated to be: H-PdS2 < T-PdS2 < P-

PdS2 < O-PdS2; for PdSe2, the energetic stability sequence is estimated to be: H-PdSe2 

< P-PdSe2 < T-PdSe2 < O-PdSe2; and for PdTe2, the energetic stability sequence is 

estimated to be: H-PdTe2 < P-PdTe2 < O-PdTe2 < T-PdTe2. 

It is found that, for pentagonal network structure, the P-NiX2 is always more 

favourable in energy than the O-NiX2, while the O-PdX2 is always more favourable in 

energy than the P-PdX2 is. If we consider all four possible structures, the T-structure 

becomes more stable in NiSe2, NiTe2, and PdTe2 monolayers. Experimentally, 

mutilayer O-PdSe2,[11] T-NiSe2,[12] T-NiTe2,[13] and T-PdTe2
[14] have been successfully 

synthesized, which are in good agreement with our calculated results shown in Fig. S3.
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