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Figure S1 displays one ferromagnetic (FM) and one antiferromagnetic (AFM) configurations of 

monolayer Ru(OH)2.  

 

Figure S1. One ferromagnetic (FM) and one antiferromagnetic (AFM) configurations of monolayer 

Ru(OH)2. 

Figure S2 shows the spin charge density distribution of monolayer Ru(OH)2 under FM and AFM 

states, respectively. It can be seen that the spin charge density of both spin-up (yellow in Figure S2) and 

spin-down (cyan in Figure S2) orientations is mainly concentrated on the Ru atoms, while the spin charge 

density of O and H atoms is absent. This proves that the magnetic moment of monolayer Ru(OH)2 is 

mainly contributed by the Ru atoms.  

 

Figure S2. Spin charge density of monolayer Ru(OH) under FM and AFM states. The yellow and cyan 

represent spin-up and spin-down charge densities, respectively. The isovalue is 0.037 e/Bohr3. 
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Figure S3(a) shows the spin-resolved band structure of monolayer Ru(OH)2 without ferromagnetism 

under the SOC effect. It is found that the fermi level crosses the energy band, which results in a metal 

characteristic for present monolayer Ru(OH)2. Moreover, the degeneracy of K and K′ valleys for the 

same spin (red and blue) is still broken owing to the lack of space inversion symmetry [1, 2]. However, 

when the up and down spins are considered simultaneously, K and K′ valleys are energetically degenerate 

due to the time reversal symmetry of the monolayer Ru(OH)2 [3, 4]. Figures S3(b) – S3(f) show the d-

orbitals projected band structures of Ru atoms in the Ru(OH)2 monolayer. The valley states at the K and 

K′ points are mainly contributed by the occupied dxy and dx
2
-y

2 orbitals of Ru atom, as shown in Figures 

S3 (b) and S3(c). The dz
2 orbitals of Ru atoms are mainly distributed near the K and K′ points of the 

conduction band, as displayed in Figure S3(d). Comparatively, the electronic states of  dxz and dyz 

orbitals of the Ru atoms far away from the Fermi level, so it has little contribution to the valley electron 

state, as shown in Figures S3(e) and S3(f). 

 
Figure S3. (a) Spin-resolved band structure of monolayer Ru(OH)2 without ferromagnetism under the 

SOC effect. (b)-(f) Projected band structures of Ru-d orbitals for monolayer Ru(OH)2.  

 



3 
 

Figure S4 shows the TC and TBKT of monolayer Ru(OH)2 with different biaxial strains. As shown in 

Figure S4(a), under 0% ~ -3% strains, the TC of monolayer Ru(OH)2 increases with the increasing of 

compressive strain. The TC of monolayer Ru(OH)2 reaches 623 K at -3% compressive strain. 

Comparatively, with 0% ~ 3% strains, the TC of monolayer Ru(OH)2 decreases with the enlarging of 

tensile strain. At 3% strain, the TC of monolayer Ru(OH)2 becomes 64 K. Comparatively, as the strain 

changes from -3% to 3%, the TBKT of monolayer Ru(OH)2 decreases from 742 to 76 K, as shown in 

Figure S4(b). 

 

Figure S4. The TC and TBKT of monolayer Ru(OH)2 with different biaxial strains. 

Figure S5 shows the SOC band structures of monolayer Ru (OH)2 at -1, -2 and -3% compressive 

strains, respectively. It could be seen that monolayer Ru (OH)2 is always a FV semiconductor during the 

whole compressive strain progress. Moreover, the valley polarizations are -198 meV, -196 meV and -193 

meV for monolayer Ru (OH)2 at -1, -2 and -3% compressive strains, respectively.   

 

Figure S5. Spin-resolved band structures of monolayer Ru (OH)2 at (a) -1, (b) -2 and (c) -3% compressive 

strains under the SOC effect, respectively. 
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As observed in Figure S6(a), the Fermi energy level crosses the K′ valley of the spin-down channel 

in monolayer Ru(OH)2 with doping 0.05 holes/f.u., which means carriers with 100% spin-down state are 

dominated by the K′ valley. This is a typical characteristic of half metal. As the magnetization of the Ru 

atom reversing to the -z direction, carriers with 100% spin-up state are dominated by the K valley, as 

shown in figure S6(b). Such special half-metallic materials with a metallic character in one spin channel 

and a semiconducting nature in the other could provide completely spin-polarized current for highly 

efficient spintronics devices [5, 6]. The calculated Berry curvature further indicates valley contrasting 

characteristic, as indicated in Figure S6(c). As shown in Figure S6(d), the Fermi level lies between the 

K and K′ valleys, as denoted with two vertical dashed lines (green region), which also means a fully spin- 

and valley-polarized Hall conductivity is generated [7]. In the first-principles calculations, carrier doping 

is simulated by removing or adding electrons from the system and using a homogeneous background 

charge to maintain charge neutrality [5, 6]. 

 

Figure S6. Spin-resolved band structures under the SOC effect of monolayer Ru (OH)2 with doping 0.05 

holes/f.u.. for the magnetization of the Ru atom along the (a) +z and (b) -z directions, respectively. (c) 

Berry curvature along the high symmetry line for monolayer Ru(OH)2 with doping 0.05 holes/f.u.. (d) 

Anomalous Hall conductivity σxy as a function of Fermi energy for monolayer Ru(OH)2 with doping 0.05 

holes/f.u.. The two vertical dashed lines (green region) denote the two valley extrema. 

As observed in Figure S7(a), with doping 0.05 electrons/f.u., the Fermi energy level crosses the K 

valley of the spin-down channel in monolayer Ru(OH)2 under 3% tensile strain. Therefore, carriers with 

100% spin-down state are dominated by the K valley. As the magnetization of the Ru atom reversing to 

the -z direction, carriers with 100% spin-up state are dominated by the K′ valley, as shown in figure S7(b). 

The calculated Berry curvature further indicates valley contrasting characteristic, as indicated in Figure 

S7(c). As drawn in Figure S7(d), the Fermi level lies between the K and K′ valleys, as denoted with two 

vertical dashed lines (green region), which also means a fully spin- and valley-polarized Hall 

conductivity is generated. 
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Figure S7. Spin-resolved band structures with SOC effect of monolayer Ru (OH)2 under 3% tensile strain 

with doping 0.05 electrons/f.u.. for the magnetization of the Ru atom along the (a) +z and (b) -z directions, 

respectively. (c) Berry curvature along the high symmetry line for monolayer Ru(OH)2 with doping 0.05 

electrons/f.u.. (d) Calculated anomalous Hall conductivity σxy as a function of Fermi energy for 

monolayer Ru(OH)2 with doping 0.05 electrons/f.u.. The two vertical dashed lines (green region) denote 

the two valley extrema. 

At the last, the crystal structure of monolayer Ru(OH)2 is listed so that our calculated results can be 

replicated by others, as shown in Figure S8. 

 

Figure S8. The crystal structure of monolayer Ru(OH)2. 
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