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Supplementary Figure S1. SEM images of Au deposited at various thicknesses on SiO2/Si
substrates. (a) Au 2 nm, (b) 2.5 nm, (c) 3 nm, (d) 5 nm, and (e) 10 nm.
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Supplementary Figure S2. Au nanoparticles on the surface of y-GeSe. (a) STEM image of
a y-GeSe flake. (b,c) Enlarged images from panel a. Multiple Au nanoparticles on the y-GeSe
surface were observed. (d) Zoomed-in STEM image of an Au nanoparticle with [111] zone axis.

The inset shows the fast Fourier transform (FFT) image.



Supplementary Figure S3. y-GeSe synthesis depending on the thickness of deposited Au.

(a) Optical image of growth product without Au deposition. (b) Optical image of synthesizing
v-GeSe by depositing 2 nm of Au. (c) 2.5 nm. (d) 3 nm. (e) 5 nm. (f) 10 nm. (g) Optical image
of growth product with 50 nm of Au. y-GeSe was not synthesized. The crystals marked with
red circles are y-GeSe.
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Supplementary Figure S4. Histogram of y-GeSe flake length depending on the thickness
of deposited Au. (a) 2 nm, (b) 2.5 nm, (c) 3 nm, (d) 5 nm, and (e) 10 nm.



Supplementary Figure S5. Spiral growth of y-GeSe crystal. SEM images of y-GeSe display
the spiral growth shape. Dashed lines indicate the crystal edges.



Supplementary Figure S6. Investigation of y-GeSe surface topography. (a) SEM image of
the alloy droplet trajectory on the y-GeSe surface. Yellow arrows indicate the trajectory of
droplet movement. (b) AFM measurement of y-GeSe crystal. Black arrows indicate the

trajectories.
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Supplementary Figure S7. y-GeSe grown on h-BN and HOPG. (a,b) Optical images of y-
GeSe grown on exfoliated h—-BN. The flakes grown from different seeds are connected. (c,d)
Optical images of y-GeSe grown on exfoliated HOPG. (e,f) Optical images of y-GeSe grown
on HOPG substrates.
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Supplementary Figure S8. Investigation of y-GeSe crystal connection grown on h-BN
substrate. (a) Optical image of connected y-GeSe grown from different locations on h—-BN. (b)
Cross-sectioned TEM image of the area in the red box. (c) Magnified STEM image of
nucleation 1 region. (d) Magnified STEM image of the area in the blue box of panel c. (e)
STEM image showing the connection between nucleation 1 and the connected part. The yellow

arrow shows the connection of the atomic layers of y-GeSe.



Supplementary Figure S9. Synthesis of GeSe with and without Au on HOPG substrate.
Optical image of y-GeSe synthesized by depositing Au on only half-bottom of the HOPG
substrate. y-GeSe grows only below the boundary line. The crystals marked with blue circles

are a-GeSe.
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Supplementary Figure S10. Characterizations of CVD graphene. (a) Optical image of the
single crystalline graphene on SiO/Si substrate. (b) Raman spectrum of the single crystalline
graphene. (c) Optical image of the polycrystalline graphene on SiO2/Si substrate (d) Raman
spectrum of the polycrystalline graphene.
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Lattice mismatch with y-GeSe

a [A] 100 x (3asubstrate — 28y-Gese)/2ay-Gese
v-GeSe 3.73 N. A.
h-BN 2.50 0.54 %
Graphite 2.46 -1.07 %

Supplementary Table S1. Lattice parameters of y-GeSe and hexagonal substrates.
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