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1. Supplemental figures

Fig. S1 Geometric structure of 1ML stanene on 4-QL Te-Bi2Te3(111). The four QLs of TeBi2Te3(111) are highlighted.

Fig. S2 Calculated lattice constant c of bulk Bi2Te3 within four different vdW correction
schemes. The red dashed line shows the experimental value of 30.487 Å.1 In the brackets,
the inaccuracies of the calculations relative to the experimental value are also presented.

Fig. S3 Top (upper panels) and side (lower panels) views of four possible initial asymmetric
adsorption sites of one Sn atom on (a) Te-Bi2Te3(111) and (b) Bi-Bi2Te3(111), labeled as a,
b, c, and d, respectively.

Fig. S4 Top views of possible initial high symmetry adsorption sites of two Sn atoms on (a)
Te-Bi2Te3(111) and (b) Bi-Bi2Te3(111). The red sphere represents the first Sn adatom and
is placed on the most stable adsorption site of fcc in (a) and hcp (b), in both cases labeled
as a. The pink spheres represent the second Sn adatom and are chosen to be on nearby high
symmetry sites within the Sn-Sn distance range of R(Sn-Sn) < 8.77 Å, in both cases labeled
as b, c, d, e, f, g, h, i, and k. In (b), the red dashed circle with R(Sn-Sn) = 5.3 Å indicates
that two Sn adatoms within this regime will always relax to nucleate into a dimer upon
optimization. For the cases of the first Sn adatom at site a and the second Sn adatom at site
k in both (a) and (b), larger (5×5) surface supercells were used in our DFT calculations.

Fig. S5 Side views of six optimized high symmetry adsorption structures of 1ML stanene
on (a) Te-Bi2Te3(111) and (b) Bi-Bi2Te3(111).

Fig. S6 Two possible GB patterns of a stanene overlayer grown on Te-Bi2Te3(111), formed
along the (a) zigzag and (b) armchair edge directions of stanene. In (a), the GB contains 4atom rings; in (b), the GB contains both 4-atom and 8-atom rings.
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Fig. S7 (a) Charge density of the topological surface states (TSSs) of Te-Bi2Te3 at the Г point. The
isosurface value is 0.0004 e/Å3. (b) Charge depletion (orange) and (c) charge accumulation (green)
on the surface of Sn/Te-Bi2Te3 through differential charge density analysis. In (b) and (c), the
isosurface value is 0.0015 e/Å3.

Fig. S8 Calculated band structures of (a) 4-QL Te-Bi2Te3(111) and (b)-(d) 4-QL BiBi2Te3(111). The spectral weights contributed from the topmost surface Te atoms of TeBi2Te3(111) in (a) and the top Bi bilayer atoms in (b), the topmost QL in (c), and the
bottommost QL in (d) of Bi-Bi2Te3(111) are highlighted by the red spheres. The blue dashed
circles show the locations of the Dirac points of the topological surface states.

2. Pseudospin model analysis
Here we develop a pseudospin-based approach to identify the potential spin-orbit coupling
(SOC)-induced band inversion around the K point in the present systems, namely, stanene
grown on the Te-Bi2Te3 (111) or Bi-Bi2Te3 (111) substrates. The DFT calculations of their
band structures are presented in Fig. 4 in the main text, where the bands around the K points
are dominated by pz orbitals of Sn atoms. In the absence of SOC, the band gap opening
around the K point is mainly attributed to the presence of the substrate, inducing
inequivalent chemical potentials on the top Sn (Sntop) and bottom Sn (Snbottom) atoms of
stanene and leading to the breaking of sublattice symmetry. In analogy with monolayer
graphene2,3, a low-energy “𝑘 ∙ 𝑝” effective model describing the physics around the K or K’
point can be deduced as
ℎ0(𝑘⃗ ) = 𝜐𝐹(𝜂𝑘𝑥𝜎𝑥 + 𝑘𝑦𝜎𝑦)𝑠0,

(1)

ℎ𝑠𝑢𝑏(𝑘⃗ ) = 𝛿𝜇𝜎𝑧𝑠0,

(2)

ℎ𝑠𝑜𝑐(𝑘⃗ ) = 𝜂Δ𝜎𝑧𝑠𝑧,

(3)

1
ℎ𝑅(𝑘⃗ ) = 𝜆(𝜂𝜎𝑥𝑠𝑦 ‒ 𝜎𝑦𝑠𝑥),
(4)
2
where 𝜐𝐹 is the Fermi velocity, 𝜂 =± 1 correspond to the K and K’ points, respectively, 𝑠0
⃗
⃗
is the 22 identity matrix, and 𝜎 = (𝜎𝑥,𝜎𝑦,𝜎𝑧) and 𝑠 = (𝑠𝑥,𝑠𝑦,𝑠𝑧) are Pauli matrices acting on
the pseudospin and real spin, respectively. In the present system shown schematically in
Fig. S9, the pseudospin degree of freedom can be conveniently interpreted as Sntop and
Snbottom atoms distinguished by their vertical distances away from the substrate. In Eq. (1),
ℎ0(𝑘⃗ ) describes a gapless Dirac cone. Hamiltonian ℎ𝑠𝑢𝑏(𝑘⃗ ) captures the difference of the
chemical potentials between the Sn and Sn
atoms, 𝛿𝜇 = 𝜇𝑡𝑜𝑝 ‒ 𝜇𝑏𝑜𝑡𝑡𝑜𝑚, which opens a
to

bottom

⃗
band gap at the Dirac point. The SOC effect is described by ℎ𝑠𝑜𝑐(𝑘) with Δ denoting the
magnitude of the SOC gap. Since the inversion symmetry is naturally broken in the presence
⃗
of the substrate, ℎ𝑅(𝑘) is introduced to account for Rashba-type SOC, where 𝜆 denotes the

corresponding coupling strength.

Fig. S9 Schematic illustration of stanene grown on Bi2Te3-based substrates. Sntop and
Snbottom label two types of Sn atoms distinguished by the vertical distances between the
respective atoms and substrates.
As discussed in the main text, the lack of a global band gap in the present systems hinders
a straightforward definition of their topological properties. Here, we only focus on
investigating the possibility of the SOC-induced band inversion around the K or K’ point.
For convenience, we choose the K point as an example, where 𝜂 = 1. A close inspection of
the effective model reveals that ℎ𝑠𝑢𝑏 leads to the polarization of the pseudospin around the
K point while the SOC effect results in the depolarization of the pseudospin. Therefore, the
pseudospin polarization around the conduction band minimum (CBM) or valence band
maximum (VBM) is a good probe to detect the potential SOC-induced band inversion.
In the present study, the expectation value of the pseudospin polarization is defined as
𝜌𝑐,𝑣 = 〈𝜓𝑐,𝑣|𝜎𝑧𝑠0|𝜓𝑐,𝑣〉 ,
(5)
where 𝜓𝑐,𝑣 denote the eigenstates of the conduction band and valence band, respectively.
The SOC-induced band inversion is characterized by the sign change of 𝜌𝑐 or 𝜌𝑣 at the CMB
or VBM. In the absence of SOC, we find 𝜌𝑐 is either positive or negative definitely
depending on the sign of 𝛿𝜇, indicating that Rashba-SOC cannot solely lead to the band
inversion. In contrast, the presence of SOC results in the band gap closing at
1
Δ𝑐 = (𝛿𝜇 + 𝛿𝜇2 + 𝜆2).
(6)
2
By increasing the SOC from the range of Δ < Δ𝑐 to Δ > Δ𝑐, 𝜌𝑐 and 𝜌𝑣 exchange the signs.
By comparing the signs of 𝜌𝑐 or 𝜌𝑣 of the investigated system before and after turning on
the SOC, we can directly identify whether the band inversion occurs. In Fig. S10, we depict
a schematic to illustrate the developed pseudospin-based approach for identifying the SOCinduced band inversion. For the present systems, this approach is very useful because the
pseudospin polarization 𝜌 of a band is actually the difference between the Sntop and Snbottom
components of that band, the value of which can be easily obtained via the standard fistprinciples calculations. It is worthwhile to point out that the validity of this pseudospinbased method is not merely limited in the present study.

Fig. S10 Schematic illustration of the pseudospin-based approach for identifying the
absence or existence of the SOC-induced band inversion. (a) Band structure without SOC,
where 𝜌𝑐 and 𝜌𝑣 possess respectively positive and negative signs. (b) Band structure with
SOC, where 𝜌𝑐 and 𝜌𝑣 do not change signs, indicating that the SOC does not invert the
bands. (c) Band structure with SOC, where 𝜌𝑐 and 𝜌𝑣 exchange signs at the K point,
indicating that the SOC is sufficiently strong to invert the bands.
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