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1. Kinetic stability calculations

\1400 ( )Hnﬂ ( )
(@) b)) )
1200 20] — | 800
_ 1000 MiE——————a——— ] 700
o e
g 3 e ———
7 & 600 £ s00
2 2
] S s 2 a0
%-EOD g— g
AL 500 £ a0 g
400 300 N 200
i 0 i
100 100 0
y-cN ° G F M ) y-cp € i o B y-CAs' ] F W B
=
d €) (f)
(d)7 (
700
- T 4004 D e e
= o =
g w0 £ = g
g
H g :
A 4% 2 @
w w20 W 200
300 S EER———
_/\—__
a0, 100 -
v-siN °C t W B y-sip °6 F L) 5 y-sias °6 ¥ W 5
= o
(8) (h)
mm—_—%:%—:
B00 4
5 o0 ] o
3 El
§ ] ]
£ £
il
100
o 0
¥-GeN 2 L B y-GeP  ©

Figure s1. The phonon dispersion curves of monolayer IV-V materials.
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Figure s2. The phonon dispersion curves of monolayer y-CP and y-SiN at armchair

strains of -0.06 and 0.1, respectively.
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Figure s3. The phonon dispersion curves of 2x2x1, 3x3%x1 and 4x4x1 supercells of

monolayer y-CAs.

2. Density of states calculations
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Figure s4. The total and partial densities of states for monolayer IV-V materials.

3. Intrinsic mobility calculations
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Figure

s5. Energy difference between the total energy of relaxed and strained

monolayer IV-V materials along zigzag and armchair directions.
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Figure s6. Energy shift of CBM and VBM for monolayer IV-V materials with respect to
the lattice dilation and compression along the zigzag and armchair directions,

respectively.

(a)ous = Armchair (b)« =] 5. m  CBM-armchair
8 ® Zigzag i L ® CBM-zigzag
= f e 9
% 0020 i / - ‘u
&5 L] / N
= 4 g > 358
& oos | \ F @ 7] ~
2 B 360 .
@ R ’ 5
2 o010 i 4 8 e k.
5 \ / .
] T
o 362 -
X &
\ / a8 5
- \. i I'd strain | - strain &
-0.02 0.01 0.00 0.01 002 -0.008 —U.I‘)ﬂ‘ —U.&ﬂz U.(;W U.(;I]E D.UII'M 0.006

Figure s7. (a) Energy difference between the total energy of relaxed and strained
monolayer y-InSe along zigzag and armchair directions. (b) Energy shift of CBM for
monolayer y-InSe with respect to the lattice dilation and compression along the

zigzag and armchair directions, respectively.

Table sl. Calculated free electrons effective masses, DP constant, in-plane stiffness

and mobility along armchair and zigzag directions in InSe.

Stiffness
C2d(N/m)

DP constant
[E1I(eV)

Effective mass Mobility

T(cm?slv1)

*

m

Armchair Armchair Armchair Zigzag Armchair  Zigzag




Work1? 0.197 0.186 5.380 5.222 40.470 49,733 789.615 1090.872
Work2?2 0.234 0.245 8.90 8.75 73.6 74.5 240 230
Our

0.196 0.200 6.840 6.370 63.730 64.930 502.970 567.450

work

4. Strained electronic and geometric structures
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Figure s8. The partial densities of states (conduction bands) for monolayer IV-V

materials under strain engineering.
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Figure s9. Changes of IV-V bonds under armchair strain engineering progress.



5. Strained mobility calculations

Table s2. The stiffness C2d, DP constant E1 and mobility T at 300K of monolayer V-V

materials when a certain armchair uniaxial stain is applied.

e 0 002 | 004 | 006 0.08 0.1
oy |C2d(N/m) | 2919 | 28388 | 23143 | 18235 | 1064 | 1832
Y El(eV) 696 | 573 | 763 | 387 | 4323 | 4324
T(cm?s'v1) | 1583 | 10515 | 1446 | 1262 | 359 3.15
e 006 | -004 | -0.02 0 0.02 0.04
op | C2d(N/m) | 22062 | 1997 | 17942 13745 | 13845 | 117.83
Y E1(eV) 643 | 317 | 237 | 557 1.69 1.78
T(em?sv1) | 1477 | 55 |18643 | 57002 |8176.11 | 5670.74
e 008 | -006 | -0.04 | -002 0 0.02
cpe | C24(N/m) | 11961 | 16441 [187.10 | 14011 | 10804 | 10001
-LAS
Y Ei(eV) | 2364 | 151 | 163 0.9 2.82 0.86
T(em?svl) | 0 018 | 099 |17826.23 | 141857 | 16208.87
e 0 008 | 01 0.12 0.14 0.16
Gy | C2d(N/m) | 14562 | 107.55 | 10582 | 6022 | 3897 | 2017
-o1
Y E1(eV) 593 | 636 | 65 | 2185 | 2232 | 219
T(em?sv1) | 587 | 27.74 | 2407 | 4803 | 3463 | 2139
e 0 0.06 | 0.08 0.1 0.12 0.14
Gp | C2d(0/m) | 5093 | 5223 | 4528 | 3732 | 2809 | 1807
-o1
Y E1(eV) 241 | 297 | 302 | 1679 | 1513 | 134
T(em?s'v1) | 4688 | 2346 | 2003 | 12617 | 12291 | 99.13
e 0 0.04 | 006 | 008 0.1 0.12
G | C2A(N/m) | 4648 | 5012 | 4278 | 665 | 2777 | 2506
-J1AS
Y E1(eV) 426 | 467 | 1641 | 682 | 1423 | 1383
T(em?sv1l) | 358 | 092 [189.67| 1875 | 211.08 | 20166
e 004 | -002 0 0.02 0.04 0.06
oy | C240N/m) | 1369 | 13063 | 11484 | 11064 | 9909 | 7331
-ue
Y E1(eV) 751 | 713 | 72 | 1267 | 1434 | 1556
T(em?s'v1) | 3105 | 21.97 | 22863 | 21348 | 199.72 | 137.09
yGeP | & | 0 0.04 | 006 | 008 0.1 0.12




C2d (N/m) 56.26 49.49 44.8 36.34 28.59 19.27
El(eV) 0.59 1.21 1.7 16.5 14.91 12.73
T(cm?slv1) | 6731.33 | 1829.07 | 893.8 189.34 189.95 172.1

£ 0 0.02 0.04 0.06 0.08 0.1
y-GeAs C2d (N/m) 51.79 46.26 38.41 35.05 29.82 25.29
El(eV) 1.27 2.48 1.88 10.34 13.34 12.35
T(cm?slv1) | 1404.25 | 2254 | 604.46 | 465.02 306.94 318.01
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