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Table S1. Elastic constants Ci}', layer modulus (y2D), Young’s modulus (Y), Poisson’s ratio (v),
intrinsic strength (c;,), and bending modulus (D) of monolayers and vdWHs.

System Ci1 (N/m) C12 (N/m) Cé6 (N/m) ¥2D (N/m) Y (N/m) v e Gine (N/m) D (eV)
Gr 358.55 61.02 144.83 209.785 348.16 0.17 144.83 38.68 1.93
4-Ga, 04 174.24 95.97 38.41 135.10 1208 0.55 38.41 13.42 68.47

Gr/o-Ga,051 474.02 155.45 169.41 314.73 440.5 0.32 169.41 48.94 526.21

Gr/a-Ga,0;| 494.26 133.20 180.56 313.73 458.41 0.27 180.56 50.93 530.93
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Figure S1. Angle-dependent (a) Young modulus, (b) Shear Modulus, and (c) Poisson rat
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Figure S3. (a) The relaxed atomic structures of Gr/a-Ga,O; vdWHs with low strain
contain 98 atoms. (Gr is squeezed by around 0.5%, whereas a-Ga,O; vdWHs has no
tensile or compressive strain.) The band structure for (b) Gr/a-Ga,0;7 and (¢) Gr/a-Ga,Os]
vdWHs with low strain.
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Figure S4. Angular dependence of effective masses of (a, b) electrons and (b, d) holes of for Gr/a-
Ga,0;1 and Gr/a-Ga,03| vdWHs
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Figure S5. The plane-average charge density difference along the z-direction: (a) Gr/a-Ga,0O51
vdWHs and (b) Gr/a-Ga,0;] vdWHs, where yellow/cyan-blue indicates the accumulation/depletion
of electrons. two Illustrations are the Charge density difference for Gr/a-Ga,051 and Gr/a-Ga,0s3]
vdWHs and the isosurface value is 0.000318 electrons/Bohr?.
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Figure S6. Electrostatic potential distribution along the z-axis under interlayer distance: (a) Gr/o-

Ga,0;1 and (b) Gr/a-Ga,0;| vdWHs. Prp of Gr/Ga,0571 (¢) and Gr/a-Ga,0;| (d) vdWHs varies
with interlayer spacings.
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Figure S7. The band structure changes of Gr/a-Ga,051 vdWHs for biaxial strain at -6% to 6%.
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Figure S8. The band structure changes of Gr/a-Ga,03;] vdWHs for biaxial strain at -6% to 6%.
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Figure S9. The band structures of Gr/a-Ga,057 (a) and Gr/a-Ga,03] (b) vdWHs at 0.6, 0.8, and 1.0

A, respectively.



Note 1:

The complex dielectric function £(w) = & (@) + igy(w)

can be used to calculate all optical
characteristics. The momentum matrix elements between occupied and unoccupied states can be
leveraged to identify the imaginary part 82(“)), whereas the real part £1(®) s realizable from

&(w) using the Kramer Kronig expressions!®:

262” cn ~ v c v
£2(®) = QeokaK’l’k'“Xr|¢k>|25(Ek‘Ek‘E) "
Q 2 !
g(w)=1+ (;)fdw%
0 W -w )

c v
In the preceding equations, 1, e, l’bk, and ¥k are vectors that characterize the polarization of the

incident electric field, electronic charge, and the wave functions of the conduction band and valence
band, respectively. Using the formulas below, the function of &(w) can be used to compute various
optical constants such as absorption coefficient (a(w)), reflectivity (R(w)), energy loss function
(L(w)), and real portion of optical conductivity (c(w)):

1

a(@) =20l [£(@) + () - £, @)’ 3
Wa@ Fie@ -1,

R(w) = -
| sl(w)+1€2(w)+1| 4
) = im{ L) =
w)=Im =
(s((u)) £2(w) + €5(w) (5)

(6)
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