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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- Il 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, Cl)
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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.)**!
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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!®!

212 AUZHENA

HEALH L, WE REHAL R 1A Sk BAA ZEILE . BL, COHMF AYR UL 2.5, 2.2 A
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JERL T PRI 2% . FRIAF LY Janus BUZEHY, i WF 90 Janus Y Z4ERORL A BETHER AL TR R
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SRR, B Si0, JEJE I XU UL T hBN JEJRE 1 04 5A LA™Y (o) RAHRIE 45331
(C,F), # ) TEM B (B S Hh S 45 M i R, 2 EFEZ) 0.9 nm)BY

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

[22].

on SiO, and single-sided fluorination on hBNP*; (e) TEM image of (C,F), nanosheets obtained via liquid-phase

exfoliation (The inset reveals the interlayer spacing is approximately 0.9 nm.)®"

5T CVD, LKA 2] A R 8« A R L 05 AN ], WO R B 45 o« B L SR H
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22.1 FHEBErRmMEE

Jey RN 2k 3k 32 L T T ) {2 548 (atomic force microscope, AFM) , ff Bl /N RS I B2 % £ 25
545 HAT SR 0 it A e e 1 L 7 4T . 2011 4, Barboza 2521 B WRAE IR A RS2 T FLG W46 S 4
NI A AR, 255 50 — PR IR B 5 S0 g 25 2 R 3, 4 FLGUJLH R 2L~ 3L) R A &K B4 &7
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M, e — MR A K, B 298 0.6 eV, TESLHJ5 T, Barboza 5521 ik — 20 A1 J v ) W I
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(25 5 120 °C) N AT A Hf T8 A S2 504551 (] 5(c)) B, il T EFM e )07 5 98 i B2 98 /)N, 2 B #1455
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T J2 A0 B 0 2 R 18 J2 [RLRE A DA e 32 T 2 B 5 AT A PR TRl A H
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Al EGIR 12 PERE, O 2R A NI T RS T BRI YE . ST R T B IR Gy R 0 R A 4 K
JE AFM $AK ( 5(d)), % A0 E A K AR R AL EE (SiC) (0001) & 1T 1) A0 JIE Ay 55 475 V8 I 0F 7 J5 A7 g 2
o SRR, UASIG 280/ 5 RN, Hf R 1208 T YR 55, 5020 3806 92 vh 2 0 s P A i
5 ARAE SiC JECAHARL, T J7 40 far T AUZ HM E A 850 10 3P AR B B 3 55 T SiC JLIK (K F 400 GPa), &
X HME A S WG TE BB 1 R KA TS5, BT B s AR S sp” M. IR JE 9 AFM
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Fig. 5 Localized pressure induced graphene to 2D diamond: (a) schematic illustration of the EFM experimental technique®®'’;
(b) EFM responses |Aw| of monolayer (square) and bilayer (circle) graphene on a SiO; 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, SL graphene and SiC™*"); (g) average current
as a function of normal load measured by C-AFM on 2L, 5L graphene films™*!
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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)- wy(E;=2.33 eV)) for BLG™; (c) schematic illustration of the formation of hydroxyl
functionalized 2D diamond. (The blue, red, and gray spheres represent H, O, and C atoms, respectively)™®’;

(d) schematic diagram of the four-terminal graphene nanodevice of graphene in the DAC™,

(e) dependence of the transformation pressure from graphene to 2D diamond on layer number'®”!
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Fig. 7 Mechanical 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 K7 (c) temperature dependence of the Young’s modulus
of hydrogenated 2D diamond™; (d) comparison of the in-plane Young’s modulus (E), shear modulus (G)

and Poisson’s ratio (v) among different 2D carbon nanomaterials”’> " *!
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Fig. 8 Electronic and optical properties of diamane: (a) band structures of H-, F-, and Cl-diamane®”; (b) bandgap of H-diamane as a

H

function of layer number N obtained by DFT (The dashed line represents the bandgap of bulk diamond. The red and blue symbols
represent cubic and hexagonal diamond, respectively.); (c) relationship between carrier mobility («) and bandgap (E,) of
diamane, compared with bulk Ill-IV semiconductors (The solid line follows the empirical relation y = 0.83 x 10*E, 2.
Electron (1,) and hole mobilities () correspond to the red and blue symbols, respectively.)™; optical absorption spectra
of H-, F-diamane (d) and Cl-diamane (e) predicted using the HSE06 method™
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Fig. 9 Thermal conductivity of diamane: temperature-dependent thermal conductivity of H-diamane with AB (a) and AA (b)
stacking configurations (The blue dashed line indicates the thermal conductivity of graphane, while the triangles and hexagons
represent the experimentally measured values of bulk diamond.)®; (c) thermal conductivities of H- and F-diamane obtained
based on the RTA (dashed lines) and the CGP (solid lines) methods™"; (d) thermal conductivities of non-Janus and
Janus diamanes as a function of temperature using MTP method™”
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Research Progress on Two-Dimensional Diamond
MING Jiaxin'?, LI Jiayin'?, CHEN Yabin'?

(1. School of Chemistry and Chemical Engineering, Beijing Institute of Technology, Beijing 100081, China;
2. School of Interdisciplinary Science, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Two-dimensional (2D) diamond, an atomically thin carbon-based material, not only inherits the
exceptional properties of bulk diamond but is also expected to exhibit unique physical characteristics arising
from nanoscale effects. Currently, research on 2D diamond remains in its infancy, being primarily driven by
theoretical investigations, while experimental efforts have mainly focused on its controllable synthesis and
structural characterization. Owing to pronounced interfacial effects, the direct application of conventional
high-pressure synthesis methods to nanoscale systems is considerably limited, making it challenging to
achieve a stable transition from sp® to sp’ hybridization, thereby posing numerous critical scientific
challenges for the study of 2D diamond. This review systematically summarizes recent theoretical and
experimental advances in the structural features, synthesis strategies, and physicochemical properties of 2D
diamond, and provides perspectives on future research directions and scientific opportunities in the field of
2D diamond.

Keywords: two-dimensional diamond; graphene; nanocarbon materials; diamond anvil cell; high pressure

science; structural phase transition
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