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Figure 1 (Color online) Schematic diagram of two-dimensional single crystals growth tuned by surface physics.
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Figure 2 (Color online) Preparation of large-sized single-crystal substrate. (a) Schematic diagram of contact-free annealing of Cu [41]; (b) schematic
diagram of producing high-index single-crystal Cu [42]; (c) abnormal growth of single-crystal Cu [42]; (d) seeded-growth of Cu after 60, 200 and
300 min annealing [42]; (e) schematic diagram of preparing single-crystal Cu(111) foils using an oxidation-temperature trigger strategy [46];
(f) schematic diagram of molecular dynamics simulation of transition from polycrystalline Cu,O to single-crystal Cu(111) [46].
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Figure 3 (Color online) Ultrafast growth of two-dimensional single crystals by surface elements modulation. (a) Schematic diagram of ultrafast
growth of graphene assisted by oxygen [47]; (b) optical image of graphene grown for 5s [47]; (c) energy barriers of CH, decomposition with and
without oxygen [47]; (d) schematic diagram of ultrafast growth of graphene assisted by fluorine [50]; (e) isotope-labelled Raman mappings of the 2D
band for graphene [50]; (f) energy barrier for two reactions on the Cu surface with and without fluorine [50]; (g) schematic diagram of ultrafast growth
of monolayer MoS, assisted by iodine [55]; (h) optical image of MoS, grown for 5 s [55]; (i) schematic diagram of nucleation barriers for MoS, with

and without iodine [55].
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Figure 4 (Color online) Single-oriented growth of two-dimensional single crystals. (a) Schematic diagram of roll-to-roll growth of graphene [40]; (b)
optical image of aligned graphene islands on Cu(111) [40]; (¢) SEM image of unidirectional hBN domains on Cu(110) [62]; (d) binding energies of
different hBN on Cu(110) steps [62]; (e) diagram of unidirectional MoS, growth on stepped Au(111) [65]; (f) surface and step contact energies with
different MoS, [65]; (g) optical image of unidirectional WS, islands on a-plane sapphire [69]; (h) AFM image of WS, islands on a-plane sapphire [69];
(i) the binding energies of WS, with different orientations on the a-plane sapphire and the relative energy difference between two antiparallel WS,
domains [69]; (j) optical image of unidirectional MoS, domains on the c-plane sapphire when nucleation time and step formation time are close [70];
(k) energy difference between two antiparallel MoS, grains that cross three different types of steps [70]; (1) optical image of aligned bilayer WS,
islands [71]; (m) bilayer WS, islands obtained under high W flux conditions [71]; (n) optical images of the sapphire substrate, monolayer (1 L) WS,
and bilayer (2 L) WS, samples [71].
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The atomic thickness and unique physical properties of two-dimensional (2D) layered materials offer new opportunities
for technological breakthroughs. However, the practical application of these properties requires large-area single crystals,
which are currently limited in size and greatly restrict their use in chip-level devices. Therefore, it is crucial to understand
the physical mechanisms behind the growth of large-area 2D single crystals. Since 2D materials inherently are surface
systems due to the distribution of atoms and electrons on the surface, surface physics can be employed to tune the growth
of 2D single crystals. This paper reviews the current developments of such ideology from three key perspectives: tune the
substrate by the surface/interface energy, tune the growth rate by local element released from the surface, and tune the
growth orientation by surface symmetry. Additionally, it provides insights into future applications of 2D single crystals in
practical devices.
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