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Fig. 1 Atomic structures and schematic diagram of two-dimensional diamond (diamane): (a) graphane!®; (b) diamane-I with AB
stacking®; (c) diamane-  with AA stacking™!; atomic structures and electron localization functions of
(d) non-Janus (C,X, X = H, F, Cl) and (e) Janus diamane (C, XY, X£Y=H, F, CI) B
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Fig. 2 Theoretical calculations 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
evolution (AG) of hydrogenated (top) and fluorinated (bottom) as a function of the number of adsorbed atoms at ambient conditions®”;
(c) the dependences of formation energy and interlayer C—C spacing of BLG on Co (0001) on hydrogen coverage;

(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.)F®
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Fig.3 Experimental formation of hydrogenated 2D diamond: (a) typical infrared absorption spectrum of FLG after hydrogenation®”;
(b) ultraviolet (UV) Raman spectrum of hydrogenated FLG (The appearance of T band and the crystalline sp>-C peak indicate the
formation of 2D diamond)®”; (c) representative UV Raman spectrum of hydrogenated BLG, exhibiting a distinct sp>-C
stretching feature®; (d) TEM image and corresponding SAED pattern of hydrogenated BLG!®!

2.1.2
CH F 25 2.2
4.0 C—F C—H E
XPS X electron energy-loss spectroscopy EELS 74
/ XeF, [22,50-52]
sp?
[32, 53] “ oo« ”
4 (22, 54-55] “ ” Bakharev %
chemical vapor deposition CVD CuNi (111) AB BLG
XeF, F-diamane
density functional theory DFT 2 C,F

090103-5



40 9

c—C
C,F XPS
Cls C—F C—CF sp° C—C sp° 4(a)
XPS AR-XPS C—F
high-resolution transmission electron microscope HRTEM
c—C 4(b) 33eV
2.87eV
TEM Son B4
BLG
Sio, 4(c)
hBN 4(d)
BLG fse]
“ ” Janus Janus
4 (@) Cls XPS 2 (p)CuNi(111)
HRTEM DFT 22 (c) (d)
Sio, hBN B4 (e)
(CP), TEM 0.9 nm [

Fig. 4 Experimental characterization of fluorinated 2D diamond: (a) XPS C1s spectrum of BLG after fluorination??; (b) cross-
sectional HRTEM result of fluorinated BLG on the CuNi (111) and the corresponding DFT-simulated TEM images®®?;
(c)—(d) in-situ Raman spectra of BLG during the fluorination on different substrates, showing double-sided fluorination

on SiO, and single-sided fluorination on hBNF; (e) TEM image of (C,F), nanosheets obtained via liquid-phase
exfoliation (The inset reveals the interlayer spacing is approximately 0.9 nm.)®
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Fig. 5 Localized pressure induced graphene to 2D diamond: (a) schematic illustration of the EFM experimental techniquef;

(b) EFM responses |Aw| of monolayer (square) and bilayer (circle) graphene on a SiOx substrate as a function of the applied force F©,
(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 on SiC surface and the corresponding pressure-induced 2D diamond
formation’!; (e) AFM topographical images of residual indentation morphologies of 2L graphene and SiC™*”;

(f) cross-sectional profiles of residual indentations in 2L, 5L graphene and SiC™”; (g) average current
as a function of normal load measured by C-AFM on 2L, 5L graphene filmst®
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Fig. 6 Hydrostatic pressure induced transformation of graphene into 2D diamond in DAC; (a) schematic illustration of the in-situ
high pressure Raman experimental technique in a DAC®; (b) pressure dependence of the G-band frequency difference
(Awg=wg(E,=2.54 eV)- wg(E, =2.33 eV)) for BLG; (c) schematic illustration of the formation of hydroxyl
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(e) dependence of the transformation pressure from graphene to 2D diamond on layer number®®
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