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Supplementary Figures

For the current SW potential parameters, we found a negative out of plane Poisson’s ratio at strain larger than 15% (Figure S1).
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Figure S1: Strain responses of a-antimonene to the non-loading axes for (a) armchair loading and (b)
ziozag loading
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Figure S3: Strain rate dependent stress-strain relationships for (a) B-, and (b) a- structure of single layer

antimonene nano-sheet; (i), and (ii) indicate the loading along armchair and zigzag directions respectively
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Figure S4: Variation of (a) Energy and (b) Pressure with a trajectory of 1000 picoseconds.
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Figure S5: Phonon Density of States of (a) -, and (b) a - antimonene at 1K, 600K and 1000K
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Figure S6: Variation of Phonon Free Energy with temperature



Figure S7: Snapshots of fracture mechanism of antimonene; buckled structure (a) armchair (b) zigzag
loading; puckered structures (c) armchair (d) zigzag loading; for (i) 1K (ii) 300K (iii) 600K (iv) 900K
temperatures



Figure S8: Snapshots of fracture mechanism of antimonene; buckled structure (a) armchair (b) zigzag
loading; puckered structures (c) armchair (d) zigzag loading; for strain rate (i) 108 s* (ii) 10° s* (iii) 10° s*

Table S1: Comparison of fracture properties of different 2D materials.

Mechanical

AntimoneneThis study

Arsenene! Bismuthene? Black Graphene*
Properties Phosphorus®
@300K
o, structure B structure o structure B structure B structure o, structure B structure
AC Y4 AC Y4 AC Y4 AC Y4 AC Y74 AC | ZZ AC Y4
Elastic 17.09 | 62.50 | 37.65 | 33.58 | ~20 ~70 ~50 ~50 | ~26.10 | ~25.,5 | 189 | 88.9 | 355.1 | 366.2
Modulus
(N/m)
UTS(N/m) | 3.18 | 6.17 | 6.51 | 6.31 | ~3.00 | ~5.00 | ~7.00 | ~6.80 | ~4.1 ~42 | 19 | 4.00 | 21.84 | 3155
Fracture 025 | 019 | 022 | 025 | 018 | ~0.1 | 017 | 0.19 | ~20.0 | ~23.0| 0.1 | .054 | 0.09 | 0.13
Strain




Matlab script for replicating unit cell
clear all

close all

clc

c=[l;

%Define length for one repeatation :

%

ux = input('x-length of unit cell periodicity');
uy = input('y-length of unit cell periodicity');

% Define coordinate of for one repeatation:

%
X = importdata('unitcell.txt'); %% format: type x y z_coordinate
type = X(:,1)

u =X(:,2:end)

%

% Define antimonene atom position of the Graphene :

%

n = round(input('Angstrom length in X direction =')/ux);
m = round(input('Angstrom length in Y direction ="')/uy);
s_z =0 %z_coordinate
num = 0.0;
forj=1:m;
fori=1:n;
forc=1:4;
num = num+1;
C(num,1) = type;
C(num,2) = u(c,1)+(i-1)*ux;
C(num,3) = u(c,2)+(j-1)*uy;
C(hum,4) =s_z;
end
end
end
n_atom = length(C);

atom_dat = [(1:n_atom)' C]



B-Antimonene Unit Cell

# Lammps sturcture data file
# ntot = 16
16 atoms

1 atom types

0.00000000 14.27209851 xlo xhi
0.00000000 8.23999992 ylo yhi

0.00000000 105.63000011 zlo zhi

Atoms

1 1 0.10000000 0.10000000 52.91500006
2 1 1.28934154 2.15999994 54.55633104
3 1 3.66802463 2.15999994 52.91500006
4 1 4.85736617 0.10000000 54.55633104
5 1 0.10000000 4.21999996 52.91500006
6 1 1.28934154 6.27999990 5455633104
7 1 3.66802463 6.27999990 52.91500006
8 1 4.85736617 4.21999996 54.55633104
9 1 7.23604926 0.10000000 52.91500006
10 1 8.42539080 2.15999994 5455633104
11 1 10.80407389 2.15999994 52.91500006
12 1 11.99341543 0.10000000 54.55633104
13 1 7.23604926 4.21999996 52.91500006
14 1 8.42539080 6.27999990 54.55633104
15 1 10.80407389 6.27999990 52.91500006

16 1 11.99341543 4.21999996 54.55633104



a-Antimonene Unit Cell

# Lammps sturcture data file
# ntot = 32
32 atoms

8 atom types

0.00000000 18.92000000 xlo xhi
0.00000000 8.72000000 ylo yhi

0.00000000 105.55500000 zlo zhi

Atoms

1 1 0.29188000 2.68000000 51.85542000
2 2 0.70812000 2.68000000 54.69958000
3 3 2.65688000 4.86000000 55.07458000
4 4 3.07312000 4.86000000 52.23042000
5 5 5.02188000 2.68000000 51.85542000
6 6 5.43812000 2.68000000 54.69958000
7 7 7.38688000 4.86000000 55.07458000
8 8 7.80312000 4.86000000 52.23042000
9 1 0.29188000 7.04000000 51.85542000
10 2 0.70812000 7.04000000 54.69958000
11 3 2.65688000 9.22000000 55.07458000
12 4 3.07312000 9.22000000 52.23042000
13 5 5.02188000 7.04000000 51.85542000
14 6 5.43812000 7.04000000 54.69958000
15 7 7.38688000 9.22000000 55.07458000
16 8 7.80312000 9.22000000 52.23042000
17 1 9.75188000 2.68000000 51.85542000

18 2 10.16812000 2.68000000 54.69958000



19 3 12.11688000 4.86000000 55.07458000
20 4 12.53312000 4.86000000 52.23042000
21 5 14.48188000 2.68000000 51.85542000
22 6 14.89812000 2.68000000 54.69958000
23 7 16.84688000 4.86000000 55.07458000
24 8 17.26312000 4.86000000 52.23042000
25 1 9.75188000 7.04000000 51.85542000

26 2 10.16812000 7.04000000 54.69958000
27 3 12.11688000 9.22000000 55.07458000
28 4 12.53312000 9.22000000 52.23042000
29 5 14.48188000 7.04000000 51.85542000
30 6 14.89812000 7.04000000 54.69958000
31 7 16.84688000 9.22000000 55.07458000

32 8 17.26312000 9.22000000 52.23042000
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