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Fig.1Atomic structures of two-dimensional diamond (diamane). (a) graphenel?®l;(b) diamane-1 with AB stacking?®;(c) diamane-
IT with AA stacking[?®;(d) Atomic structures and electron localization functions of non-Janus (C,X, X = H, F, C)3¢;(e) Atomic
structures and electr izati& functions of Janus diamane (C,XY, X7 Y=H, F, CI)3]
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Fig. 2 Theoretical caleulations of the transition from FLG to 2D diamond.(a) Atomic configurations of FLG and the
corresponding,diamond films with pristine and hydrogenated surfaces, along with the pressure-temperature phase diagram(!”};(b)
Gibbs free energy eyolution of hydrogenated (top) and fluorinated (bottom) as a function of the number of adsorbed atoms at
ambient conditionisP ™% (¢) The dependencesof formation energy and interlayer C-C spacing of BLG on Co(0001) on hydrogen
coveragel8l;(d) Formation energy of fully hydrogenated BLG on Co(0001) as a function of film thickness. Solid and open
symbols correspond to the cubic and hexagonal diamond, respectively(3®]
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Fig. 3 Experimental formation of hydrogenated 2D diamond.(a) Typicalinfrared absorption spectrum of FLG after hydrogenation,
showing a characteristic C(sp®)-H stretching vibration peak!’l;(b) Ultraviolet (UV) Raman spectrum of hydrogenated FLG. The
appearance of T bandandrthe crystalline sp*-C peakindicates the formation of 2D diamond(*’);(c) Representative UV Raman

spectrum of hydregenated BBG, exhibiting a distinct C-sp? stretching featurel*8l;(d) TEM image and corresponding SAED pattern
of hydrogenated BLG#8]
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Fig. 5 Localized pressure induced graphene to 2D diamond.(a) Schematic illustration of the EFM experimental techniquel?!1;(b)

EFM responses of monolayer (square) and bilayer (circle) graphene on a SiOy substrate as a function of the applied forcel?!J;(c)

EFM responses of FLG at different temperatures. The inset shows the EFM response of FLG as a function of duration time;(d)

Schematic of the AFM tip indenting the epitaxial BLG onSiCsurfaceand the corresponding pressure-induced 2D diamond

formation[“%);(e) AFM topographical images of residual indentation morphologies of 2L graphene and SiCl*;(f) Cross-sectional
profiles of residual indentations in 2L, 5L graphene and SiC[*"]; (g) The average current as a function of normal load measured by
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C-AFM on 2L, 5L graphene films[*]
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Fig. 6Hydrostaticpressureinduced transformation of graphene into 2D diamondinDAC.(a) Schematic illustration of the in-situ
high pressure Raman experimentalitechnique in a DACI?3;(b) Pressure dependence of the G-band frequency difference, 4wg =
wc(EL=2.54 eV)- wg(E1=2.33 eV) Tor BLG?3;(¢) Schematic illustration of the formation of hydroxyl functionalized 2D diamond.
The blue, red, and gray spheres represent H, O, and C atoms, respectivelyl?l;(d) Schematic diagram of the four-terminal graphene
nanodevice of graphere in(the DACI®8;(e) Dependence of the transformation pressure from graphene to 2D diamond on layer

Layer numbers
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Fig. 7 Mechanjéal properties of diamane.(a) Stress-strain curves of H-, F-, and Cl-diamane with different layer numbers!’?!; (b)
Stress-strain curves of AB- and AA-stacked H-diamane at 10 KI73l; (¢) Temperature dependence of the Young’s modulus of
hydrogenated 2D diamond[7*]; (d) Comparison of the in-plane Young’s modulus (E), shear modulus (G) and Poisson’s ratio (v)
among different 2D carbon nanomaterials!’3 7°-82]
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Fig. 8 Electroni¢andeptical properties of diamane.(a) Band structures of H-, F-, and Cl-diamane;(b) The bandgap of H-diamane

as a function of layer number obtainedby DFT. The dashed line represents the bandgap of bulk diamond. The red and blue
symbols represent cubic and hexagonal diamond, respectively;(c) The relationship between carrier mobility () and bandgap (E,)

of diamane, compared with bulk III-IV semiconductors!®”]. The solid line follows the empirical relation 1t = (.83 X 104 x Eg
- 3/2.(d-e) Optical absorption spectra of H-, F-diamane (d) and Cl-diamane (e) predicted using the HSE06 method!7’!
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