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FIG. S.1. Schematic representation of the TB model for a typical 2D material. The white cells

indicate independent unit cells.

I. EXPLICIT FORM FOR THE TIGHT-BINDING HAMILTONIAN AND OVER-
LAP MATRIX

Theoretically the electronic properties of any structure can be described using a simple TB
model where the core electrons form fully filled valence bands. We can find a set of orbitals
which are only slightly perturbed by the neighbouring atoms and that are responsible for
the bands near the Fermi level. Therefore, the mono electric wave function in a typical
periodic system can be expressed as a Linear Combination of Atomic Orbitals (LCAO). The
main assumption for our TB model is that the dominant contribution comes from nearest
unit-cells and that other contributions can be neglected. Fig. S.1 represents the schematic
TB model for two dimentional systems.

The system is assumed to be infinite, but using LCAO we are able to limit the system
up to a finite number of atoms and a finite number of orbitals per atom which allows us
to apply the Bloch theorem. We use these orbitals as the basis set to represent the wave
function. The Bloch function with a well-defined k vector can be generally expanded as

linear combinations of the orbitals ¢ as follows

Ur(r) = 3 D i (R)u(r — o), (S1)
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in which ¢ and v run over the atoms in the unit cell and the orbitals s, p,, p,, and p.,
respectively. In the case of bygp-Gallenene and bgjp-Gallenene we have four orbitals per
atom and so 16 orbitals per unit cell. ¢, x(r) is defined as following
Puk(r) = Z Z e, (r = Ry m) (52)
neZ meZ
where R,, ,,, is the discrete translation vector of the unit cell at (m,n). We limit the inter-
actions up to the first nearest unit cell (See Fig. S.1). The mono-electronic Hamiltonian H

and the overlap matrix S may be rewritten as

1 1

H= Z Z hnymei(nakz—ﬁ—mbky) (SS)

n=—1m=-1

and

1 1
S — Z Z Sn,mei(nakw—f—mbky) ) <S4>

n=—1m=-1

Since H and S are Hermitian, we have

— 1 _
h—l,O - h170 ) hO,—l - h071 )
— i _
ho, = h1,1 yhoyy = h1,—1 )
— qf — qf
8-1,0 = 81,0,580,-1 = Sg,1 >

S_1,-1 = SJ{,I y8-11 = SJL_I . (SE))

As shown in Fig. S.1 we have only five independent matrices and need to determine the
matrices h and s for the cells at (0,0), (1,0), (0,1), (1,1) and (—1,1). We calculate the
Hamiltonian matrix and extract the matrices h and s by using the SK coefficients presented

in the main paper.

II. TIGHT-BINDING HAMILTONIAN FOR ajo-GALLENENE

a100-Gallenene has four atoms per unit cell. Table S.I represents the indices and atomic

positions of this structure.
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TABLE S.I. The indices and positions of the atoms of ajgo-Gallenene are in units of A which are

used in the construction of the TB model.

In the case of ajgp-Gallenene we found the SK coefficients in an orthogonal basis set. So

the energy bands can be found by finding the eigen values of the hamiltonian mentioned

in Eq. (S3). Using the SK integrals presented in the main paper we found the matrices as

follows
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and h;; =s_;_; = 0. All the values are given in units of eV

ITII. TIGHT-BINDING HAMILTONIAN AND OVERLAP MATRIX FOR bgio-
GALLENENE

We presented the SK integrals for the bg;p-Gallenene in a non-orthogonal basis set. The
Hamiltonian that governs the dynamics of the electron is given by Eq. (S3) and the overlap
matrix is expressed by Eq. (S4). Assuming again that the contribution dominate up to
the secound nearest neighbor. The Schrodinger equation for this system has now been

transformed into the form of a generalized eigenvalue equation as follows
Z Z[Hil/,i’z/ - Eksiu,i’u’]ci’u’(k) - 07 <S6>

where ¢;,/ (k) is the eigen vector of the system. As presents in Table S.I, bgjo-Gallenene has
four atoms per unit cell.
Using the SK integrals in the main paper we can calculate the Hamiltonian and overlap

matrices as following
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0.002 -0.004 —0.032 0.002 0 0 0 0O O O OOO O O Dy
—0.001 0.001 0.002 -0.0260 0O 0 0 00O O O0OO O O Dz
§ o by P $ 2 by P> 8 Pz Dy Pz S Pz Py Pz
0 0 0 0 0 0 0 0 00 0O 00O O O S
0 0 0 0 0 0 0 0 00 0O 00O O O Pz
0 0 0 0 0 0 0 0 00 0O 00O O O Py
0 0 0 0 0 0 0 0 00 0 00O O O Pz
0 0 0 0 0 0 0 0 00 0 00O O O S
0 0 0 0 0 0 0 0 00 0 00O O O Pz
0 0 0 0 0 0 0 0 00 0O 00O O O Dy
S1,-1 = 0 0 0 0 0 0 0 0 00 0O 00O O O Pz
0.027 0.008 —0.012 O 0.017 0.116 —-0.054 0.059 0 O O 0 O O O O S
—0.008 0.016 0.058 0 -—-0.116 —0.224 0.142 —-0.1540 0 0 0 O O O O Dz
0.012 0.058 —-0.032 O 0.054 0.142 0.016 0.072 0 0O 0 0 0 O O O Py
0 0 0 0.055 —0.059 —-0.154 0.072 0.0056 0 0 0 O O O O O Pz
0 0 0 0 0.027 0.008 —0.012 0 00 0O 00O O O S
0 0 0 0 —0.008 0.016 0.058 0 00 0O O0O0OO O O Pz
0 0 0 0 0.012 0.058 —0.032 0 00 0O 00O O O Py
0 0 0 0 0 0 0 0055 0 0 0 000 O O Pz

In the case of orthogonal TB model for by;p-Gallenene the energy bands can be found by
finding the eigen values of the hamiltonian mentioned in Eq. (S3). Using the SK integrals

presented in the main paper we found the matrices as follows
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$ 2 by Y2 s Pz by Pz s Pz by Pz $ 2 by Y2

—3.188 0 0 0 —-0.771 0 —1.289 —0.625 —0.612 —1.61 0.921 0 —-0.771 —1.182 —0.55 —0.595

0 1.052 0 0 0 —0.831 0 0 1.61 0.572 —0.689 0 1.182 0.516 0.627 0.677

0 0 1.907 0 1.289 0 0.771 0.777 —0.921 —0.689 —0.24 0 0.55 0.627 —0.539 0.315

0 0 0 1.393 0.625 0 0.777 —0.454 0 0 0 —0.634 0.595 0.677 0.315 —0.49
—-0.771 0 1.289 0.625 —3.188 0 0 0 0.013 0.037 -0.06 —0.019 —-0.612 —1.61 0.921 0
0 —0.831 0 0 0 1.052 0 0 —0.037 —-0.019 0.233 0.073 1.61 0.572 -0.689 0
—1.289 0 0.771  0.777 0 0 1.907 0 0.06 0.233 —0.249 —0.117 —0.921 —0.689 —0.24 0

hoo = —0.625 0 0.777 —0.454 0 0 0 1.393 0.019 0.073 —0.117 0.089 0 0 0 —0.634

—-0.612 1.61 —0.921 0 0.013 —0.037 0.06 0.019 —3.188 0 0 0 —-0.771 0 —1.289 —0.625
—-1.61 0.572 —0.689 0 0.037 —0.019 0.233 0.073 0 1.052 0 0 0 —0.831 0 0

0.921 —-0.689 —0.24 0 —0.06 0.233 —0.249 —0.117 0 0 1.907 0 1.289 0 0.771  0.777

0 0 0 —0.634 —0.019 0.073 -0.117 0.089 0 0 0 1.393 0.625 0 0.777 —0.454
—-0.771 1.182 0.55 0.595 —-0.612 1.61 —0.921 0 —0.771 0 1.289 0.625 —3.188 0 0 0
—1.182 0.516 0.627 0.677 —1.61 0.572 —0.689 0 0 —0.831 0 0 0 1.052 0 0
—0.55 0.627 —-0.539 0.315 0.921 —-0.689 —0.24 0 —1.289 0 0.771 0.777 0 0 1.907 0

—0.595 0.677 0.315 —0.49 0 0 0 —0.634 —0.625 0 0.777 —0.454 0 0 0 1.393

S Dz Dy Dz S Dz Dy D=z S Pz Py Dz S Dz Dy Dz
—0.176 0.042 0 0 —0.249 —0.152 —0.079 —0.038 0 0 0 0 0 0 0 0
—0.042 —0.163 0 0 0.152 0.122 0.053 0.026 0 0 0 0 0 0 0 0

0 0 0.126 0 0.079 0.053 0.047 0.013 0 0 0 0 0 0 0 0

0 0 0 0.126 0.038 0.026 0.013 0.026 0 0 0 0 0 0 0 0
—0.249 —0.152 0.079 0.038 —0.176 0.042 0 0 0 0 0 0 0 0 0 0
0.152 0.122 —-0.053 —0.026 —0.042 —0.163 0 0 0 0 0 0 0 0 0 0
—0.079 —0.053 0.047 0.013 0 0 0.126 0 0 0 0 0 0 0 0 0

h; o= | —-0.038 —0.026 0.013 0.026 0 0 0 0.126 0 0 0 0 0 0 0 0
—0.612 —1.61 —-0.921 0 0.013 0.037 0.06 0.019 —0.176 0.042 0 0 —0.249 —0.152 —0.079 —0.038
1.61  0.572 0.689 0 —0.037 —0.019 —0.233 —0.073 —0.042 —0.163 0 0 0.152 0.122 0.053 0.026
0.921 0.689 —0.24 0 —0.06 —0.233 —0.249 —0.117 0 0 0.126 0 0.079 0.053 0.047 0.013

0 0 0 —0.634 —0.019 —0.073 —0.117 0.089 0 0 0 0.126 0.038 0.026 0.013 0.026
—0.771 —1.182 0.55 0.595 —0.612 —1.61 —0.921 0 —0.249 —0.152 0.079 0.038 —0.176 0.042 0 0
1.182 0.516 —0.627 —0.677 1.61 0.572 0.689 0 0.152 0.122 —-0.053 —0.026 —0.042 —0.163 0 0
—0.55 —0.627 —0.539 0.315 0.921 0.689 —0.24 0 —0.079 —0.053 0.047 0.013 0 0 0.126 0
—0.595 —0.677 0.315 —0.49 0 0 0 —0.634 —0.038 —0.026 0.013 0.026 0 0 0 0.126
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S Pz Py Y22 s Pz Dy Pz S Pz Py Y22 S Pz Py
—0.025 0 0.098 0 0 0 0 0 —0.176 0.023 0.035 0 0 0 0
0 0.108 0 0 0 0 0 0 —0.023 0.037 —0.133 0 0 0 0
—0.098 0 —0.1 0 0 0 0 0 —0.035 —0.133 —0.074 0 0 0 0
0 0 0 0.108 0 0 0 0 0 0 0 0.126 0 0 0
—0.771 0 —1.289 0.625 —-0.025 0 0.098 0 —0.771 —1.182 —0.55 0.595 —-0.176 0.023 0.035
0 —0.831 0 0 0 0.108 O 0 1.182 0.516 0.627 —-0.677 —0.023 0.037 —0.133
1.289 0 0.771 —-0.777 —0.098 0 —-0.1 O 0.55 0.627 —0.539 —0.315 —0.035 —0.133 —0.074
—0.625 0 —0.777 —0.454 0 0 0 0.108 —0.595 —0.677 —0.315 —0.49 0 0 0
0 0 0 0 0 0 0 0 —0.025 0 0.098 0 0 0 0
0 0 0 0 0 0 0 0 0 0.108 0 0 0 0 0
0 0 0 0 0 0 0 0 —0.098 0 -0.1 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0.108 0 0 0
0.013 —-0.037 0.06 —0.019 0 0 0 0 -0.771 0 —1.289 0.625 —0.025 0 0.098
0.037 —0.019 0.233 —0.073 0 0 0 0 0 —0.831 0 0 0 0.108 0
—0.06 0.233 —-0.249 0.117 0 0 0 0 1.289 0 0.771 —0.777 —0.098 0 —0.1
0.019 -0.073 0.117 0.089 0 0 0 0 —0.625 0 —0.777 —0.454 0 0 0
s Pz Py Pz § Pz by Pz 8Pz Py Pz S Pz by Y2
0 0 0 0 -0.249 —-0.152 0.079 —-0.038 0 0 0 O 0 0 0 0 S
0 0 0 0 0.152 0.122 -0.053 0.026 0 0 O O 0 0 0 0 Pz
0 0 0 0 —-0.079 —0.053 0.047 —-0.0130 0 0 O 0 0 0 0 Dy
0 0 0 0 0.038 0.026 —0.013 0.026 0 O O O 0 0 0 0 Pz
0 0 0 0 0 0 0 0 00 0 O 0 0 0 0 S
0 0 0 0 0 0 0 0 00 0 O 0 0 0 0 Pz
0 0 0 0 0 0 0 0 00 0 O 0 0 0 0 Dy
0 0 0 0 0 0 0 0 00 0 O 0 0 0 0 Pz
—0.176 0.023 —-0.035 0 —-0.771 —1.182 0.55 —-0.5950 0 0 O —-0.249 —0.152 0.079 —-0.038 S
—0.023 0.037 0.133 0 1.182 0.516 —-0.627 0.677 0 0 O O 0.152 0.122 -0.053 0.026 Pz
0.035 0.133 —0.074 O —0.55 —0.627 —0.539 —0.3150 0 0 O —0.079 —0.053 0.047 —0.013 Py
0 0 0 0.126 0.595 0.677 —-0.315 —0.49 0 0 0 0O 0.038 0.026 —-0.013 0.026 Pz
0 0 0 0 -0.176 0.023 —-0.035 0 00 0 O 0 0 0 0 S
0 0 0 0 —0.023 0.037 0.133 0 00 0 O 0 0 0 0 Pz
0 0 0 0 0.035 0.133 —0.074 0 00 0 O 0 0 0 0 Dy
0 0 0 0 0 0 0 0126 0 0 0 O 0 0 0 0 Pz
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S Pz Py Pz S Px Py Pz S Px Py Pz S Px Py Pz
0 0 0 0 00 0 O 0 0 0 0 00 0 O S
0 0 0 0 00 0 O 0 0 0 0 00 0 O Pz
0 0 0 0 00 0 O 0 0 0 0 00 0 O Dy
0 0 0 0 00 0 O 0 0 0 0 00 0 O Pz
0 0 0 0 00 0 O 0 0 0 0 00 0 O S
0 0 0 0 00 0 O 0 0 0 0 00 0 O Pz
0 0 0 0 00 0 O 0 0 0 0 00 0 O Dy
hi; = 0 0 0 0 00 0 O 0 0 0 0 00 0 O Pz
0 0 0 0 00 0 O 0 0 0 0 00 0 O S
0 0 0 0 00 0 O 0 0 0 0 00 0 O Pz
0 0 0 0 00 0 O 0 0 0 0 00 0 O Dy
0 0 0 0 00 0 O 0 0 0 0 00 0 O Pz
0.013 0.037 0.06 —-0.0190 0 0O O —0.249 —0.152 —0.079 0.038 0 0 O O S
—0.037 —0.019 —0.233 0.073 0 0 O O 0.152 0.122 0.053 —-0.026 0 0 0 O Pz
—0.06 —0.233 —0.249 0.117 0 0 O O 0.079 0.053 0.047 —-0.0130 0 0 O yon
0.019 0.073 0.117 0.089 0 0 0O 0 —0.038 —0.026 —0.013 0.026 0 0 O O Pz

Note that the indices of the elements of the Hamiltonian and the overlap matrix are the
same as the indices presented in Table S.II. Other elements of the coupling matrices can be

found from the relations Eq. (S5).

IV. BAND STRUCTURE OF THE GALLENENE NANO RIBBONS WITH DIF-
FERENT WIDTHS

In this section we show the benefit of the TB model. When we have a TB model we can
generate the Hamiltonian for different structures. Using the hamiltonian matrices for two
dimentional a;go-Gallenene and bgi9-Gallenene presented in section I one can generate the
hamiltonian for unit-cell of a ribbon of any size and their coupling matrices between first
unit-cell and neighbor unit-cells. The structure of the nanoribbons for both armchair and
zigzag directions were presented in the main paper in Fig. 5. The width of the nanoribbon
can be determined by the parameter N. We calculated the band structure of different
nanoribbons to show the behavior of the energy bands as a function of N. In the following

we show the results for N = 2,3,4,5,6 and 7.
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FIG. S.2. Bands Structure of bg19-Gallenene AC nanoribbon for N = 2, 3,4, 5, 6 and 7, respectively.
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FIG. S.3. Bands Structure of by19-Gallenene ZZ nanoribbon for N = 2, 3, 4, 5, 6 and 7, respectively.
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FIG. S.4. Bands Structure of a1go-Gallenene AC nanoribbon for N =2, 3, 4, 5, 6 and 7, respectively.
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FIG. S.5. Bands Structure of a1gg-Gallenene ZZ nanoribbon for N = 2, 3, 4, 5, 6 and 7, respectively.
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