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High elastic moduli, controllable bandgap and extraordinary 
carrier mobility in single-layer diamond 
Ting Cheng, a,c Zhongfan Liu, a,b,c and Zhirong Liu a,b,*

Very recently, the fluorinated single-layer diamond (denoted as diamane) was first successfully prepared from the 
conversion of bilayer graphene in a mild way by chemical vapor deposition approach, which is stable at ambient atmosphere. 
Herein, we performed in-depth first-principle calculations on fluorinated and hydrogenated diamane. Our calculations reveal 
that the fluorinated diamane is an ultrathin material with a direct-wide bandgap at -point, which is 3.86 eV larger than 
hydrogenated diamane using the G0W0 method. Such bandgap could be effectively modulated by external strains or fluorine 
vacancy defects. Besides, their elastic moduli are comparable to graphene and are higher than most other 2D materials. The 
ideal tensile strength is dictated by soft-mode phonon instability under uniaxial tension and elastic instability under biaxial 
strain. Most surprising, we found that the calculated electron mobility (2732 cm2V-1s-1) and hole mobility (1565 cm2V-1s-1) in 
these two diamond-like monolayers are superior over those of III-V semiconductor compounds. Finally, the Raman-active 
phonons frequencies were characterized to serve as the fingerprint for experimentally obtained high-quality diamane. These 
features will boost a great potential for future applications in nano-optics, nanoelectronics, and nano-electromechanical 
systems.

1 Introduction
Graphene, a single-atom-thick two-dimensional (2D) 

material composed of sp2 carbon atoms, has attracted 
enormous attention due to its high mechanical strength, 
thermal and electrical conductivities, and optical 
transparency[1-4]. Within the last ten years, more and more new 
2D materials of novel physical and chemical properties were 
successively discovered and studied[5-7]. Nevertheless, the 
successful synthesis of large-scale single-crystal 2D films toward 
ultimate applications is yet very challenging, so graphene is still 
the most promising 2D material nowadays since it could be 
prepared into the sub-meter-size single crystal as well as layers 
controllable[8-11]. Besides, the carbon element is much cheaper 
and richer than most others. Another well-known carbon 
allotrope, diamond, also possessing high mechanical hardness 
and thermal conductivity but with sp3 bonding hybridization 
compared to graphene. More importantly, the preparation of 
diamond is harder and more expensive, usually requiring rigid 
conditions, e.g., high temperature (1400-3300K) and very high 
pressure (5-10GPa)[12-13].

Continuously effects were made to convert the more available 
multilayer graphene into the ultrathin diamond film (referred to as 

diamane) in a mild way via designed surface-functionalization with 
elements such as oxygen, hydrogen, or fluorine[14-18]. Theoretical 
calculations suggested that such a phase transition process is 
thermodynamically feasible[18]. Among the surface-functional 
groups, F atom is much easier functionalized than hydrogenation 
according to the electronegativities of carbon, fluorine, and 
hydrogen, and has been designed to introduce in chemical vapor 
deposition (CVD) experiments to greatly shorten the growth time of 
graphene[19-20]. Very recently, Bakharev et al. first successfully 
synthesized the fluorinated single-layer diamond from bilayer 
graphene on CuNi (111) substrate by using XeF2 vapor as a source of 
fluorine and such diamane is stable at ambient atmosphere[21]. Raeisi 
et al. explored the underlying mechanisms resulting in effects of 
functional groups on the thermal conductivity of diamane[22]. It is 
wondering whether the diamane possesses high mechanical strength 
like graphene and bulk diamond[23-25]. However, the related 
theoretical research about fluorinated diamane is deficient, 
especially on mechanical failure mechanism, carrier mobility and 
Raman spectra.

In this work, first-principle calculations were conducted on 
fluorinated diamane (denoted as FD hereafter) and hydrogenated 
diamane (namely HD hereafter) material. It was revealed that their 
elastic moduli are comparable to that of graphene. By combining the 
deformation potential theory and G0W0 method, we found that the 
relatively small effective mass plus high elastic modulus lead to high 
electron mobility and hole mobility in these two diamond-like 
monolayer materials, which is comparable or even better than that 
of bulk III-IV semiconductor compounds in consideration of their 
wide bandgap. Besides, we carefully explore the ideal strength and 
phonon instability to check the failure mechanism under applied 
biaxial and uniaxial strains. It is further identified that the tensile 
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strength of FD is dictated by soft-mode phonon instability under 
uniaxial strain and elastic instability under biaxial strain. The 
electronic properties can be further adjusted by external strains and 
fluorine vacancy defects. Finally, the predicted Raman spectrum is 
calculated to serve as a simple fingerprint to monitor the high-quality 
of diamane samples.

2 Method
2.1 Intrinsic carrier mobility under phonon scattering

The intrinsic carrier mobility of a high-quality sample is generally 
limited by the acoustic phonons at finite temperatures based on the 
widely used deformation potential theory[26-27]. This theory has been 
previously extended to the study of 2D materials[28-31], giving the 
same order of magnitude compared with the experimental results[29, 

31]. Here for the 2D isotropic material, the mobility formula can be 
given as[30]:

µ𝑥 =
𝑒ħ3𝐶11

𝑘𝐵𝑇𝐸2
1(𝑚 ∗ )2

                               (1)
where the C11 and m* is the isotropic elastic constant (related with 
mechanical properties) and effective mass of charge carriers 
(electrons and holes) along the in-plane direction (related with the 
properties of electronic structure), E1 is the deformation potential 
constant defined as the variation of the band-edge energy under the 
uniaxial strain (related with the electronic structure under 𝐸1 =

∂𝐸edge

∂𝜀
different strains). T is the temperature with T = 298K being used in 
our study. Therefore, according to the Eq. (1), the carrier mobility of 
a material is both determined by the electronic and mechanical 
properties.

2.2 First-principle calculations

The calculations of geometric optimizations and electronic 
structures were based on the density functional theory (DFT) as 
implemented in the Vienna ab initio simulation package (VASP)[32]. 
The method of project augmented wave (PAW) pseudopotential was 
adopted to treat the interactions of electrons and ions cores[33]. To 
include the exchange-correlation function, the generalized gradient 
approximation (GGA) with the Perdew-Burke-Ernzerhof (PBE) 
method was used[34]. To correct the bandgap, the quasiparticle GW 
approach was performed on top of the PBE functional[35]. A total of 
640 bands were used to ensure the Eg convergence to within 0.01eV. 
To be mentioned, the G0W0 approach can be sensitive to the initial 
starting DFT point, whereas self-consistent GW method could be a 
good choice as an alternative benchmark which imposing self-
consistency to remove the starting point dependence[36-37]. However, 
this method is computationally expensive and not be performed in 
our calculations. A plane-wave cutoff of 500 eV and 15  15  1 k-
point grid were chosen. Interlayer interactions were limited by 
setting spacing about 15 Å. The structures were fully relaxed until the 
residual forces were less than 0.01eV/Å. For the phonon frequencies 
and vibration modes, the convergence criterion for the total energy 
and atomic forces was further set to 10-9 Ry and 10-5Ry/au within the 
density functional perturbation theory (DFPT) method as 

implemented in Quantum Espresso package[38]. The stress-strain 

calculations are performed in the orthogonal unit cell and the in-
plane cell stress was rescaled by Z/d0 to obtain the equivalent stress 
similar to previous literatures about graphene and MoS2 

[23, 39], where 
Z is the length of the cell along z axis and d0 is the thickness of 
diamane plus the van der Waals distance. The above parameter 
settings were obtained on the basis of a series of tests for the energy 
convergence with respect to the energy cutoff, the thickness of the 
vacuum layer, the k-point mesh and the force convergence (Figure 
S1 and S2). The calculation results showed that the used parameter 
in our calculations can provide enough accuracy and allow 
reproducibility.

3 Results and discussion
3.1 Geometric and electronic structures

Figure 1a illustrates the top and side views of fluorinated AB-
stacked diamane. Compared with another widely studied diamane, 
HD, the major difference is the terminated edge on both sides. The 
optimized in-plane lattice constant is 2.56 Å (2.53 Å) for FD (HD), 
while the C-C bond length is about 1.55 Å (1.56 Å) and the C-F (C-H) 
bond length is around 1.38 Å (1.11 Å), agreeing well with the recently 
reported experiment for FD and calculations for both[21, 40-41]. They 
are also close to the lattice constant of (111) surface of bulk diamond 
(2.52 Å)[13]. The band structure and density of states for FD by PBE 
and G0W0 method are depicted in Figure 1b. They look similar to the 
conduction band minimum (CBM) and the valence band maximum 
(VBM) at the  point, giving a bandgap about 4.04 and 7.96 eV, 

Figure 1. (a) Top and side views of FD with carbon (fluorine) atoms coloured in black 
(blue). Red rhombus denotes the unit cell. (b) Band structure and density of states 
of FD by using PBE (dashed) and G0W0 (solid) methods. The conduction band 
minimum (CBM) and valence band maximum (VBM) are pointed by the black 
arrow. Fermi level is set to at 0 eV.

Figure 2. (a) 3D band structure of FD by using PBE method. (b, c) The band 
projection in the first Brillouin zone for the (b) CBM and (c) VBM.
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respectively, indicating its direct-wide gap electronic properties. 
Specially, two bands are doubly degenerated at the VBM. Similar to 
FD, HD also shows a direct bandgap characteristic but with a lower 
value of about 3.32 eV (4.10 eV) in PBE (G0W0) method (Figure S3). 
Figure 2a shows the three-dimensional plots of the highest valence 
band (VB) and the lowest conduction band (CB). Apparently,  (K) 
point locates in the highest (lowest) of VB and the lowest (highest) of 
CB from the band projection in the first Brillouin zone (Figure 2b, c), 
further verifying its features of the direct bandgap, which appeals to 
applications in ultraviolet optics.

3.2 Mechanical properties and carrier mobility

Despite the wide bandgap for FD, FD possesses a large curvature 
at the CBM in Figure 1b, indicating its relatively small effective mass 
of conduction electrons. Moreover, carbon materials such as 
graphene and bulk diamond usually have superhigh mechanical 
strength[2, 13]. These two factors may together contribute to an 
extraordinary carrier mobility according to the Eq. (1). Thence, we 
further investigated the mechanical properties and carrier mobility 
at room temperature in FD as well as HD materials. The in-plane 

elastic constant C could be obtained by the total energy variation in 
first-principle calculations under strain, and derived other elastic 
properties by the following relationships[42]: 𝐺 = 𝐶66,𝑌 =

. The determined elastic constants, effective (𝐶11𝐶22 ― 𝐶2
12) 𝐶22

mass, deformation potential constant, and carrier mobility are 
summarized in Table 1 (detailed determination of the deformation 
potential constant E1 are shown in Figure S4). To further check the 
reliability of the effective mass, we calculated the effective masses 
of the highest valence band and doubly degenerated lowest 
conduction band using both G0W0 and PBE methods as shown in 
Table S1, and found no much differences between two methods. 

The in-plane Young’s modulus Y represents the rigidity of a 
material. As shown in Table 1, the values of FD (480 J/m2) and HD 
(459 J/m2) are close to (and slightly lower than) that of graphene 
(340.3 J/m2) considering the thickness difference. Besides, the shear 
modulus G (217 and 226 J/m2 for FD and HD, respectively) is also 
comparable to that graphene (144 J/m2) under shear strain[28, 31]. All 
these elastic moduli are higher than most other 2D materials, 
indicating the outstanding mechanical properties in the diamane 
materials, which are similar to graphene and bulk diamond.

Table 1. Determined elastic modulus (in-plane elastic constant C11, shear modulus G and Young’s modulus Y), effective mass m*, deformation potential constant E1 and hole (electron) 
mobility µ at VBM (CBM) for FD and HD at 298 K. The me is the electron mass. The VBM is doubly degenerated at  giving two values for hole carriers.

 
Elastic modulus VBM (hole) CBM (electron)

System C11

(J/m2)

G

(J/m2)

Y

(J/m2)
m* (me)

E1

(eV)

µ(cm2

V-1s-1)

m*

(me)

E1

(eV)

µ(cm2

V-1s-1)

FD 485 217 480
1.13/

0.37

4.75/

10.05

356/

743
0.55 3.59 2732

HD 490 226 459
0.58/

0.21

4.41/

12.37

1565/

1505
1.11 3.97 536

Figure 3. (a) Calculated ideal tensile stress versus engineering strain for single-
layer FD. The solid and dash arrows represent the strains for phonon instability 
and elastic instability, respectively. (b-d) Calculated phonon dispersion under (b) 
uniaxial strain along the x direction with x = 8%, (c) uniaxial strain along the x 
direction with x = 10% and (d) biaxial strain with biaxial = 20%.

Figure 4. (a) Calculated ideal tensile stress versus engineering strain for single-
layer HD. The solid and dash arrows represent the strains for phonon instability. 
(b-d) Calculated phonon dispersion (b) without strain, under (c) uniaxial strain 
along the x direction with x = 13% and under (c) uniaxial strain along the x 
direction with x = 15%. 
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Figure 3 shows the calculated ideal tensile stress-strain relations 
and phonon dispersions for single layer FD under both uniaxial and 
biaxial strain conditions. The curves in Figure 3a are nearly 
degenerated along the two orthogonal directions at small uniaxial 
strains, indicating that FD is an isotropic 2D material. As the strain 
increases, the stress-strain behaviours become nonlinear and show 
much difference between x and y directions. Their critical strains 
under elastic instability for these two directions locate at 22% (ideal 
strength is 63.6 GPa) and 13.5% (ideal strength is 53.07 GPa), 
respectively. However, we should also consider the phonon 
instability here, by further examining the conditions of phonon 
dispersion, as shown in Figure 3b-d. At the uniaxial strain x = 10%, 
three acoustic phonon branches, and one optical branch have 
imaginary frequencies [Figure 3c]. In other words, the failure 
mechanism for FD under uniaxial tension along the x direction 
becomes phonon instability with a critical strain of 8%. In contrast to 
uniaxial strains, the phonon dispersion has no imaginary frequency 
under biaxial strain when reaches the maximum critical strain of 
15.5%, indicating the failure mechanism of elastic instability.

For the single layer HD, the calculated ideal tensile stress-strain 
relations and phonon dispersions are shown in Figure 4. Similar to 
FD, the isotropic characteristic is verified by the nearly same values 
under small uniaxial strain along the x and y direction and presents 
difference when the applied strain increases. The calculated ideal 
strength is 63.64 GPa at the critical tensile strain x = 25% and 51.94 
GPa at critical tensile strain y = 15%. We further examine the phonon 
frequencies, the calculated phonon dispersion for HD under strain-
free state is shown in Figure 4b. It can be seen that all the phonon 
modes remain stable at the uniaxial strain x = 13% (Figure 4c), but 
when x = 15%, one of three acoustic branches correspond to 
vibration out of the plane (ZA) become unstable, as shown in Figure 
4d.

We then further calculated the carrier mobility at room 
temperature in FD and HD materials. Carrier mobility usually drops 
dramatically with increasing the bandgap, e.g., the data for bulk III-
IV semiconductor compounds are well described by a reverse law of 

[43]. However, as shown in Table 1, the small effective mass µ ∝ 𝐸 ―3/2
𝑔

of carrier, high elastic modulus, and moderate deformation potential 
constant, contribute to the extraordinary electron mobility in FD and 
hole mobility in HD. In our study, the calculated electron mobility in 
FD is as high as 2732 cm2V-1s-1, about seven times larger than that of 
the bulk III-IV semiconductor compounds if extrapolating them to the 
same bandgap (Figure 5). It is about one order of magnitude larger 
than that in MoS2 films[44]. The doubly degenerated band at the VBM 
in FD and HD gives here the hole mobility with two branches, as 
presented in Table 1. The branch with a larger value for FD is also a 
little superior over the bulk III-IV semiconductor. Specially, the 
smaller effective mass of hole in HD endows its much higher hole 
mobility of about 1565 cm2V-1s-1, which are competitive with bulk 
silicon (e.g., 450 cm2V-1s-1)[44], offering attractive alternatives to 
conventional semiconductors in the electronic applications.

3.3 Electronic properties modulated by strain and defects

Given the promising performances and successfully prepared in 
experiments for FD, we investigated the influence of the applied 
strain and the common vacancy defects of materials on the 
electronic properties of FD. We applied 8%~8% (increment of 2%) 
strain to the FD, and the electronic band structures of FD under no 
strain, 2% and 4% uniaxial tensile strain by using PBE method are 
presented in Figure 6a. It can be clearly seen that the doubly 
degenerated VBM at  could separate into two branches under the 
strain from the enlarged inset in Figure 6a. More specially, we found 
that the CB1 gradually fall at M as the stretching strain increases and 
becomes lower than  when the strain exceeds 2.7%, changing the 
direct bandgap (green symbols in Figure 6b) in FD to an indirect one 
from  to M (orange symbols in Figure 6b). In contrast, the direct 
bandgap characteristics is maintained under the compressed strain. 
In addition, the resulting real bandgaps of FD was modulated to 
decrease no matter under stretching or compressed strain, which are 

Figure 5. The correlation between carrier mobility µ and bandgap Eg for FD and HD, with 

bulk III-IV semiconductor compounds (solid line, described by  µ = 0.83 × 104 × 𝐸g ―3/2

in ref.[40]), monolayer MoS2 and bulk Si (data from ref.[41]) as comparisons. The 

calculated data for electron/hole mobility are plotted in red/blue symbols. 

Figure 6. (a) Strain effects on the electronic band structure of FD by using PBE 
method. Inset: Enlarged band structure inside the green box. The VB1 and VB2 are 
used to mark the doubly degenerated VBM. The CBM are marked by CB1. The black 
solid line is the unstrained system and the red dotted (blue double dotted) line is 
the band structure under 2% (4%) uniaxial tensile strain. (b) The bandgap Eg as a 
function of the applied uniaxial strain. The direct bandgap at  point under 
different strain is shown in green symbol, while the indirect bandgap from  to M 
is shown in orange symbol. 

Page 4 of 7Journal of Materials Chemistry C

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
C

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 0
7 

Se
pt

em
be

r 
20

20
. D

ow
nl

oa
de

d 
by

 P
ek

in
g 

U
ni

ve
rs

ity
 o

n 
9/

7/
20

20
 1

2:
29

:2
9 

PM
. 

View Article Online
DOI: 10.1039/D0TC03253K

https://doi.org/10.1039/D0TC03253K


Journal Name  ARTICLE

This journal is © The Royal Society of Chemistry 20xx J. Mater. Chem. C 2020, 00, 1-3 | 5

Please do not adjust margins

Please do not adjust margins

expected to improve the carrier mobility for the potential 
application. 

To verify our guess, we explored the bandgap, effective mass 
and carrier mobility with respect to the applied biaxial strain (-
8%~8%), as shown in Figure 6c-d and Figure S5. The bandgap also 
decreases under the compressed strain and undergoes a transition 
from direct to indirect from  to M under the stretching biaxial strain 
similar to the uniaxial strain, but here the critical strain is 5% (Figure 
S5). In addition, the effective mass of FD can be controlled by 
applying the biaxial strain. The hole carrier effective mass (VB1) 
depends linearly on the biaxial strain, for example, it drops from 1.13 
m0 to 0.92 m0 by applying biaxial strains of 0% (unstrained) and -8%, 
respectively. Meanwhile, the hole mobility for VB1 branch increases 
from 356 to 518 cm2V-1s-1 by about 1.5 times. For the electron carrier 
effective mass (CB), it linearly decreases form 0.55 m0 to 0.50 m0 

under the stretching biaxial strain of 4%, causing the electron 
mobility increasing from 2732 to 3061 cm2V-1s-1, but experiences a 
fluctuation as strain increases, this may be caused by the CBM 
jumping from  to M point during the bandgap transition from direct 
to indirect at a strain of 5%. Most interestingly, at M point, the 
deformation potential constant (E1x(M)=-5.4 and E1y(M)=-21.8) and 
effective mass (m*

x(M)=0.19, m*
y(M)=14.0 m0 for a biaxial strain of 

6%, m*
x(M)=0.20, m*

y(M)=13.5 m0 for a biaxial strain of 8%, we plot 
( m*

x m*
y) in Figure 6c for the comparison) is anisotropic in 

contrast to  and K point, which keeps the six-fold symmetry. At this 
time, the electron mobility along the x direction will be related with 
both the value of x and y direction[30], therefore abruptly jumps to 
222 and 210 cm2V-1s-1 with an applied biaxial strain of 6% and 8%, 
respectively. 

Another potential modulation method is to introduce defects. 
Vacancy defects are actually inevitable in real experiments. For 
example, fluorine vacancy defect (VF) was observed and found to 
have an obvious influence on the transport and optical properties for 
FD[21]. Figure 7a shows the spin-polarized band structure and density 
of states of 55 supercell FD with a single VF. The presence of the VF 

introduces the localized defect states (labelled as 1 and 2) in the 
bandgap and leads to a transition from direct 7.96 eV to indirect 4.00 
eV bandgap by using the G0W0 method, which greatly reduces the 
bandgap. Moreover, levels of 1 and 2 are donor and acceptor states, 
respectively. Both of them seem to act as deep level and maybe have 
no doping effect for the material because the acceptor level is far 
away from VBM and the donor level is away from CBM. Therein, 

other dopants such as nitrogen or boron element may be a better 
candidate to realize n-type or p-type carriers here, which has been 
previously raised in bulk diamond[13]. According to the wave 
functions of states 1 and 2 at the  point, as shown in the top view 
and side view in Figure 7b, c, the defect level originates from the pz 
orbital of C atom around VF. Besides, to see how the VF affects the 
carrier mobility, we also calculated the elastic modulus, effective 
mass and deformation potential constant under such situation 
(Figure S6). Although the defect states are within the bandgap, we 
found that the elastic modulus (482 J/m2) and effective mass (0.34, 
1.11 and 0.54 m0 for VB2, VB1 and CB, respectively) almost 
unchanged compared to non-defect state, and the deformation 
potential constant (for VB2, VB1 and CB at  point is -8.72, -5.13 and 
3.60 eV, respectively) changed a little. Therefore, the electron 
mobility is 2732 cm2V-1s-1, and hole mobility for two degenerated 
branches is 317 and 1103 cm2V-1s-1 with VF defects.

3.3 Raman characterization

Raman scattering spectroscopy is one of the most popular 
characterization tool for 2D materials due to its convenient, rapid 
and non-destructive characteristics[45]. To give an easy fingerprint for 
experimentally obtained high-quality FD, we further theoretically 
investigated the Raman spectrum, which has been applied in other 
new 2D materials and compared with experiments[46-47]. Here for FD, 
-point phonons could be represented by the irreducible 
representations of D3d as:   , where one 3𝐴1g +2𝐴2𝑢 +2𝐸u +3𝐸g

A2u and one Eu are acoustic modes, the other A2u and Eu are infrared 
active, and the A1g, Eg are Raman active. Here, “E” denotes the doubly 
degenerate modes in xy-plane, and A1g as the breathing modes 
shown in Figure 8a. The typical vibrational modes of Raman-active 
phonons and the predicted Raman scattering spectra of FD are 
exhibited in Figure 8b. The predicted frequencies of the Raman 
modes in FD are 1174 ( ), 1279 (Eg), and 1338 ( ) cm-1, which 𝐴1

1g 𝐴2
1g

could be remarkably distinguished from graphene (about 1580 cm-1 
in G band), HD (about 1345 and 2886 cm-1) and bulk diamond (main 
peak is about 1333 cm-1)[48-50]. In addition, the A1g and Eg modes of 
FD can be both observed in the usual backscattering configuration 
according to the Raman tensors of vibrational modes, which will be 
convenient for 2D sheets.

Figure 7. (a) Spin-polarized band structure and density of states of FD 55 supercell 

with a single fluorine vacancy (VF) by using PBE method. The localized defect states are 

labeled as 1 and 2. (b) The top view and (c) the side view of  point wave functions of 

the states 1and 2 in (a). Fermi level is set to at 0 eV.

Figure 8. (a) The atomic displacements of four Raman-active vibrational modes in FD with 
a unit cell. (b) The predicted Raman spectra of FD. Inset: Irreducible representations of 
 point Raman-active phonons. The frequencies of presented Raman modes in (a) are 
labelled in (b).
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Conclusions
In summary, we have systematically explored the electrical and 

mechanical properties of fluorinated single layer diamond (FD) as 
well as hydrogenated single layer diamond (HD) inspired by the 
recently successful grown of the large-area fluorinated diamond 
monolayer by chemical vapor deposition approach. Combining the 
G0W0 method with a three-dimensional band structure, we found 
that FD is a direct-wide bandgap material of 7.96 eV at  point, with 
doubly degenerated bands at the valence band maximum (VBM), 
leading to two branches for the hole mobility. These characteristics 
are similar to HD, except the bandgap of HD is lower with 4.10 eV 
using the G0W0 method. Their mechanical strengths are found to 
comparable to graphene with Young’s modulus 480 and 459 J/m2 for 
FD and HD, respectively, which are more superior over most known 
2D materials. We further explore the ideal strength and failure 
mechanism including elastic and phonon instability under applied 
biaxial and uniaxial strains. It is identified that the tensile strength of 
FD is dictated by soft-mode phonon instability under critical uniaxial 
strain x = 8% and elastic instability under critical biaxial strain biaxial 
= 15.5%, while for HD, the critical uniaxial strain is x = 13% due to 
the failure mechanism of phonon instability. Moreover, the 
surprising large curvature at the conduction band maximum (CBM) 
in FD and VBM in HD indicates that the relatively small effective mass 
of conduction electrons and valence holes. Both excellent elastic 
modulus plus small effective mass lead to the electron mobility of 
about 2732 cm2V-1s-1 in FD, and the hole mobility of about 1565 cm2V-

1s-1 in HD, much larger than bulk silicon and MoS2, also competitive 
with traditional III-IV semiconductor materials considering the wide 
bandgap. Such electronic properties could also be modulated with 
decreasing the bandgap by the means of applied strain or fluorine 
vacancy (VF), especially a bandgap transition that was found from 
direct to indirect at the case of tensile strain upon 2.7%. We also give 
a simple fingerprint in theory, that is, the Raman-active phonons 
frequencies of FD to help to experimentally check the high-quality of 
FD samples. We expect that these two diamond-like materials have 
great potential for future applications in nano-optics and 
nanoelectronics, and could also serve as a promising platform for 
nano-electromechanical systems.
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