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(a) 2D JZ0R A4 8 H-Pb-C1 4514 ) U 4L P RMRFRLIET; (b) H-Pb-C1 45 #4 7E A HLIK DX 2 X R s i 75 3%

Fig. 1. (a) Side and top view of the crystal structure H-Pb-Cl; (b) phonon dispersion of 2D H-Pb-Cl along the high symmetry points

in Brillouin zone.
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B 2 % /A PBE M1 HSEOG 49 2D H-Pb-CLEYBEMF 451 (a), (c) A% & SOC; (b), (d) % 1& SOC. 15 £ . £1 15 F 4k 540 9 £ R
Pb 5 TH s, p,, , F p, PUE RIBGEALE. [ (b) Hh 4 P 375 7Y 2 B K T BT 3T A9 AT BT R A
Fig. 2. The band structure of 2D H-Pb-Cl using PBE and HSE06: (a), (c) Without SOC; (b), (d) with SOC. Blue, red and green

dots represent the contribution of s, p, ,, p, orbitals of Pb atoms, respectively. The illustration in Figure (b) shows the band split-

ting near the Fermi surface.
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Fig. 3. (a) The evolutions of Wannier centers along k,, yielding Z, = 1; (b) edge states of H-Pb-Cl on the zigzag edges; (c) evolu-

tion of energy bands at I" for H-Pb-ClL.
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Fig. 4. (a) Work functions of H-Pb-Cl under 0 biaxial stress, where A® represents the electrostatic potential difference under differ-
ent biaxial stresses; (b) the variations of electrostatic potential difference A® of H-Pb-Cl with the biaxial stress of —16% to 16%.
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(a) 7E XA 1 (-16% 2 16%) 7E F T H-Pb-C1{k & N (1) Rashba [ i€ 55 % R 5 ag M 1L E; (b) H-Pb-Cl (1x1)/BN
(2x2) BIRE 454, i 40 A 1R R A 2 32K BN ZERE A P AU STAR G 0 () H-Pb-Cl (1x1)/f4 Bkt (2x2), H g0 s 2tk

Fig. 5. (a) The variations of Rashba spin splitting ag of H-Pb-Cl with the biaxial stress of —16% to 16%; (b) band structure of H-
Pb-Cl (1x1)/BN (2x2), with the red stars-lines contributed by BN substrate; (c) band structure of H-Pb-Cl (1x1)/graphane (2x2),

with the purple dotted line contributed by graphane substrate.
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Abstract

Rashba spin splitting and quantum spin Hall effect have attracted enormous interest due to their great
significance in the application of spintronics. According to the first-principles calculation, we propose a two-
dimensional hexagonal lattice material H-Pb-Cl, which realizes the coexistence of giant Rashba spin splitting
and quantum spin Hall effect. Owing to the break of space inversion symmetry and the existence of intrinsic
electric field, H-Pb-Cl has a huge Rashba spin splitting phenomenon (ag = 3.78 eV-A), and the Rashba spin
splitting of H-Pb-Cl(-16%—16%) can be adjusted by changing the biaxial stress. By analyzing the electronic
properties of H-Pb-Cl, we find that H-Pb-Cl has a huge band gap near the Fermi surface (1.31 eV), and the
topological invariant Z, = 1 of the system is caused by the inversion of s-p orbit, which indicates that H-Pb-Cl
is a two-dimensional topological insulator with a huge topological band gap, and the gap is large enough to
observe the topological edge states at room temperature. In addition, we further consider the effect of BN and
graphane substrates on the topological band gap of H-Pb-Cl by using the H-Pb-Cl1 (111)-(1x1) /BN (111)-(2x2)
and H-Pb-Cl(1x1)/ graphane (2x2) system, and find that the lattice mismatch between H-Pb-Cl (5.395 A) and
BN (2.615 A) and between H-Pb-Cl (5.395 A) and graphane (2.575 A) are about 3% and 4.5%, respectively.
According to our calculation results, H-Pb-CI still retains the properties of topological insulator under the effect
of spin orbit coupling, and is not affected by BN nor graphane. Our results show that the nontrivial topological
band gap of H-Pb-Cl can be well preserved under both biaxial stress effect and substrate effect. In addition, H-
Pb-Cl can well retain the nontrivial topological band gap under the stress of —16%-16%, and thus there are
many kinds of substrate materials used to synthesize this material, which is very helpful in successfully realizing
preparation experimentally. Our research provides a promising candidate material for exploring and realizing
the coexistence of Rashba spin splitting and quantum spin Hall effect. And the coexistence of giant Rashba spin
splitting and quantum spin Hall effect greatly broadens the scope of potential applications of H-Pb-CI in the
field of spintronic devices.

Keywords: two dimensional topological insulator, Rashba spin splitting, spatial inversion symmetry, spin

orbit coupling
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