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I. Optimization of the tube structure

The initial structure of the (12, 0) nanotube is obtained by rolling twelve [Sn,Se,] unit of SnSe layer
along the zigzag direction (Figure Sla). Then the nanotube was firstly optimized with the
Hellmann-Feynman force converge threshold of 0.01eV/A. (Figure S1b and c¢). However, the
calculated phonon spectrum shows that this zigzag (12, 0) SnSe nanotube presents large negative

frequency at the Gamma point (Figure S2).
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Figure S1. (a) Atomic structure of a 4x4 SnSe layer, dash red line is the unit cell. (b) Top view of
zigzag (12, 0) SnSe tube. (c) Side view of the zigzag (12, 0) tube. The grey line is the unit cell. Se:

brown, Sn: light cyan
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Figure S2. Calculated phonon spectrum for the zigzag SnSe (12, 0) tube (right) and the vibration

mode of the —1.2 THz phonon branch at gamma point (left).

The phonon vector of this negative vibration mode shows that the neighbouring two SnSe rings
rotate towards opposite direction (Figure S2). Based on this information, we rotated one of the SnSe
ring with appropriate angle around the center of the ring. We then further optimize this structure
with more rigid force converge threshold of 10 eV/A. The new ‘star’ like (12, 0) SnSe nanotube
(SNT) is obtained and its atomic coordination is listed in Table S1. This SNT is rather stable

without any negative frequency as discussed in the main text.

Table S1: Fractional coordination of the “star-like” SnSe (12, 0) nanotube. Lattice constant:

a=b=27.007451294, c=6.169519453.

Element X y z
Se 0.7743489991918372 0.6581860188456339 0.2066922856282074
Se 0.7482409847282608 0.5673325424139219 0.7073095517835499
Se 0.2256510008081695 0.3418139811543656 0.2066922856282074
Se 0.2517590152717393 0.4326674575860784 0.7073095517835499
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I1. Boltzmann transport theory
The semi-classic Boltzmann transport theory describes the electrical conductivity tensor a8 (T.)

e
and electric thermal conductivity a8 at a non-zero electric current as following:!
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where 2 ¢, f and e are reciprocal space volume, carry energy, Fermi distribution function and

electron charge, respectively. The electrical conductivity tensor a8 (© can be expressed as:
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where 7, v,and k, are the electron relaxation time, group velocity and the wave-vector.

II1. Convergence of lattice thermal conductivity

The convergence of the lattice thermal conductivity of the SNT was tested to ensure the accuracy of
the calculation results. The variation of lattice thermal conductivity with respect to the force cutoff
employed in third-order calculations are shown in Figure S3, which indicates that the lattice thermal

conductivity of SNT converged well within the employed cutoff.
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Figure S3. Convergence of the lattice thermal conductivity of the SNT at T = 300 K with respect to
the force cutoff employed in third-order calculations. Points represent actual calculations; lines are
provided only as a guide to the eye.

IV. Efficiency of a thermoelectric material

The power generation efficiency of a thermoelectric converter is defined as:?
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where 7}, and T, are the temperature at the hot and the cold ends, Z7,, is the average value of
both the n-type and the p-type legs. If ZT,, approaches 4.0, the power generation efficiency 7, is
about 27% at a typical value of 7. = 300 K and the hot and cold end temperature difference 7,7, =

400 K.
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