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1. Supplementary Figure

The ML hydrogenated passivated InAs is a direct band gap semiconductor with a band gap of 1.70
eV calculated by the hybridization generalization (HSE06) as shown in Fig. S1. and the band gap
of 1.59 eV was calculated by PBE in the manuscript. The difference between the results calculated
by the two methods is 0.11 eV. Moreover, the conduction band minimum and valence band
maximum of the 2D ML hydrogenated passivated InAs are located at the high symmetry point "
point. We also give the electronic states which near the Fermi energy level are mainly from the
orbital contributions of the As atoms.
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Fig. S1 Energy bands and density of states of ML hydrogenated passivated InAs calculated by the hybridization
generalization (HSE06).
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The convex hull energy phrase diagram is used to further verify the thermodynamic stability of InAs
material, as shown in Fig. S2.[1] By comparing the position of the target compound relative to the
red dashed line, if it is above the red dashed line it is likely to decompose (e.g., A in the inset of Fig.
S2, which would decompose into In and As) or be in a sub-stable state; if it is below the red dashed
line (e.g., B in the inset of Fig. S2), the compound is stable. As noticed, the convex hull energy is
below the red dashed line indicating that the InAs is thermodynamically stable.
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Fig. S2 Calculated the convex hull phrase diagram of InAs

The thermodynamic stability of the InAs material is demonstrated by the given binary phase

diagram of In-As containing the stable compound InAs, as shown in Fig. S3.
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Fig. S3 Binary phase diagram of In-As containing the stable compound InAs.
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we have obtained the thermoelectric parameters, seebeck coefficients (), versus chemical potential
(#) and temperature (7) for the relaxation time approximation by solving the semiclassical

Boltzmann transport equation in the BoltzTrap program as shown in Fig. S4.
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Fig. S4 Seebeck coefficient (S) as a function of carrier concentration at 300K
for the ML hydrogenated passivated InAs.
The absolute |S| is exhibits weak anisotropy. The p-type |S| value is 546 #V/K at 300 K when the
. L 1., -2 . .
carrier concentration is 1 X 107" cm™ % and the n-type |S| value is 606 #V/K higher than the p-type.
It’s noted that the S is determined by the electronic structure. The novel method proposed in Ref [2]
starts by setting the Seebeck coefficient S as an input to determine the reduced chemical potential

Neff from its definition in BoltzTraP.

kp2 + AF1 4 2(Nefr)
§= 1 1 - neff#(l)
a1+ Fy(nysp)

F1 4+ 2 are the fermi function given by the following expression:

T ede
Fj(’l)zf—g_#(z)
o 1+e7"

The fundamental difference between the deformation potential theory (method 1) approach and the

novel method proposed in refer 1 (method 2) is the effective mass (™ s ). We then attain the effective

.
mass "''s in the following expression:

1 [2m kgT 3/2
(T Fip(Mefp)#(3)

Based on the calculated concentration to obtain the effective mass (m s). In this work, the effective

mass is 0.15 "0 calculated by the method 1 and 0.62 ™0 calculated by the method 2, where 0 is
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my=9.11x10"3

1
the electron rest mass ( ). The carrier mobility was calculated to be 28 cm? V-!

st which is now in the same order of magnitude with the experimental value[3] of 25 cm? V! sl as
shown in Table S1.

Table S1 Calculations of the carrier mobility of 2D InAsH, at room temperature. m* represents the effective mass
of ML InAsHj; in the carrier transport direction. C,p represents the modulus of elasticity of ML InAsH,. E; presents
the carrier deformation potential constant of the ML InAsH,. u is the carrier mobility of ML InAsH,.

method carrier ~ m”(mg) Cop Ei(eV) Healeu Hexpe
type (J/m?) (m?v-1s7 Y (emv-1s7Yh
method 1 electrons 0.15 37.426 7.57 490 25
holes 1.00 37.426 3.39 155 25
method 2 electrons 0.62 37.426 3.39 28 25

Since Pt and Pd are heavy elements, they contain large spin-orbit coupling effects[4], we
recalculated the energy band structure of the system of InAs with metal Pd interfaces considering
the spin-orbit coupling effect as shown in Fig. S5. The results of the projected energy bands show
that the SOC affects the band structure slightly.
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Fig. S5 Band structure calculated : (a) and (c) are the band structures obtained by the Perdew-Burke-Ernzerhof (PBE)
method, the red lines represent the projected band structures of (a) ML InAsH and (c) the d orbit of metal Pd, and
the gray lines represent the band structures of the InAsHPd complex system. (c) and (d) are the band structures
obtained by the PBE+SOC (spin-orbital coupling) method, the red lines represent the projected band structures of
(c) ML InAsH and (d) the d orbit of metal Pd, and the gray lines represent the InAsHPd composite system band

structures. The Fermi energy level is set to 0 and is indicated by the horizontal black line.
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