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S1 Selection and validation of interatomic potentials 

S1.1 AIREBO potential for modeling fracture behavior of graphene 

The fracture behavior of graphene is described using the Adaptive Intermolecular Reactive 

Empirical Bond Order (AIREBO) potential. This potential consists of three components: the 

Lennard-Jones (LJ) potential, the torsional potential, and the Reactive Empirical Bond Order 

(REBO) potential. The LJ potential accounts for the van der Waals interactions between atoms, 

while the torsional term captures the energy contribution from single-bond torsion interactions. 

The REBO term describes the interaction energy between atoms i and j using the following 

expression: 

 ( ) ( )REBO R A

ij ij ij ij ij ijE V r b V r= +  (S1) 

Here, ( )R

ij ijV r represents the repulsive potential, ( )A

ij ijV r denotes the attractive potential, and ijb is the 

bond order function. The total energy of the system in the AIREBO potential is calculated by 

summing over these pairwise interactions, and is given by the following expression: 
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To avoid unphysical strain hardening in the stress–strain curves, the cutoff distance for C–C bonds 

in the AIREBO potential was modified to 1.92 Å1. This modified AIREBO potential has been 

widely used in simulations of brittle fracture in monolayer graphene and has been demonstrated to 

accurately reproduce its mechanical behavior.  

S1.2 Tersoff potential for modeling fracture behavior of h-BN 
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The fracture behavior of h-BN is described using the extended Tersoff potential (BN-EXTeP). 

Its functional form is expressed as follows: 

 ( ) ( ) ( )
,
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C ij R ij ij A ij

i j

E f r V r B V r = −
   (S3) 

Here, ( )rR ijV  and ( )rA ijV  represent the repulsive and attractive potentials, respectively; ijB  is the 

total bond order function, and ( )c ijf r  is the smooth cutoff function. The expression for ( )c ijf r  is 

given by: 
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 (S4) 

This potential has been demonstrated to accurately reproduce the mechanical behavior of both 

pristine and defective h-BN structures. To eliminate the unphysical hardening behavior observed 

under large deformations, the cutoff function parameters R and D in the BN-EXTeP potential were 

modified to 1.75 and 0, respectively2, 3.  

S1.3 REBO potential for modeling fracture behavior of MoS2 

The fracture behavior of MoS2 is described using the Reactive Empirical Bond Order (REBO) 

potential. Its general functional form is given as: 
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Here, bE  is the total binding energy of the system, and ijr  is the interatomic distance between atoms 

i and j. ( )rR

ijV  and ( )rA

ijV  represent the pairwise repulsive and attractive potentials, respectively. 



4 

( )C

ij ijf r   is the cutoff function, and ijb   is the bond order term. In more detailed formulations, 

parameters such as Q、α and β are primarily related to geometric properties like equilibrium 

distances, while A and B determine the energy contributions of the attractive and repulsive 

interactions. 

The REBO potential is capable of describing covalent bond breaking, defect evolution, and 

nonlinear deformation behavior in MoS2 structures. To eliminate the unphysical strain hardening 

caused by the switching function in the original REBO potential, the cutoff radii were modified 

and the repulsive and attractive terms were rescaled by a factor of approximately 0.7. This 

adjustment ensures that the simulated mechanical strength matches the results obtained from 

density functional theory (DFT) calculations4, 5. The specific parameter adjustments for the cutoff 

radii of Mo-Mo, Mo-S, and S-S interactions are listed in Table S1. 

Table S1. Cutoff Radii for Mo–Mo, Mo–S, and S–S Interactions Before and After Adjustment 

 

S1.4 ReaxFF potential for modeling fracture behavior of Ti3C2 

The fracture behavior of Ti3C2 is modeled using the Reactive Force Field (ReaxFF). ReaxFF 

is well-suited for capturing the formation and breaking of covalent bonds in complex systems. The 

total system energy is expressed as:  

REBO Rmin/Rmax (Mo-Mo) Rmin/Rmax (Mo-S) Rmin/Rmax (S-S) 

Before Adjustment 3.50/3.80 2.75/3.05 2.30/3.00 

After Adjustment 4.50/5.00 2.85/2.85 1.10/2.80 
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 system bond over under val pen tors conj vdWaals CoulombE E E E E E E E E E= + + + + + + + +  (S6) 

Here, bondE  is the bond energy term, which depends on the bond order; overE  and underE  are penalty 

terms for over-coordination and under-coordination, respectively; valE   accounts for energy 

associated with valence angle deformations; penE   is a penalty term for specific bonding 

configurations; torsE   represents the energy due to torsional strain; conjE   considers conjugation 

effects in π-bond systems; vdWaalsE   and CoulombE   account for van der Waals and Coulomb 

interactions, respectively. 

S1.5 Validation of interatomic potentials 

The interatomic potentials described above have been widely used to investigate both the in-

plane and interlayer mechanical properties of the corresponding two-dimensional materials. These 

potentials are capable of accurately capturing the structural characteristics and fracture behavior of 

monolayer 2D systems. To validate the applicability of these force fields, particularly their 

effectiveness in evaluating fracture toughness in the presence of defects, we constructed nearly 

square, defect-free monolayer nanosheets and examined their stress-strain responses under uniaxial 

tensile loading. The in-plane dimensions of the simulated crystal structures ranged from 10 nm × 

10 nm to 15 nm × 15 nm. Detailed simulation parameters and computational procedures are 

provided in Section S3. 

By comparing the molecular dynamics (MD) simulation results with those from density 

functional theory (DFT) calculations reported in the literature, we found that the stress–strain 

curves of graphene, h-BN, and MoS2 are in good agreement with previous DFT results. For Ti3C2, 
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however, some deviations were observed between the MD-derived stress-strain curves and the 

corresponding DFT data. Studies have shown that Ti3C2Tx exhibits brittle fracture behavior at room 

temperature, indicating that crack propagation in Ti3C2 is primarily governed by its atomic bond 

strength. To address the discrepancy between MD simulations and the accuracy of the reactive 

force field, we adopted a maximum critical fracture stress criterion, as suggested by previous 

studies6. Based on the DFT data presented in Figure S3, the maximum critical fracture stresses for 

Ti3C2 are defined as 54 GPa under tensile loading along the zigzag direction and 48 GPa along the 

armchair direction. For a detailed description of the maximum critical fracture stress criterion, 

please refer to our previous work6. 
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Figure S1. Stress-strain curves of four two-dimensional materials obtained from DFT and MD simulations: (a) 

graphene, (b) h-BN, (c) MoS2, and (d) Ti3C2. The DFT data are taken from existing literature4, 7, 8, 9, 10. 

 

S2 Simulation details of fracture in two-dimensional materials 

Prior to uniaxial tensile loading, quasi-static relaxation of the monolayer nanosheets was 
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performed using the conjugate gradient method to obtain locally minimized energy configurations. 

The energy and force convergence tolerances were set to 1×10-10 kcal/mol and 1×10-10 (kcal/mol)/Å, 

respectively. The monolayer 2D structures were then fully relaxed for 50 ps under the NPT 

ensemble (constant number of atoms, pressure, and temperature) to release residual internal stresses 

and achieve stable configurations. Tensile loading was applied under the NPT ensemble by 

gradually adjusting the size of the simulation box along the loading direction, with a constant 

engineering strain rate of 109/s. The simulations were conducted at a quasi-static temperature of 1 

K to minimize the influence of thermal fluctuations on the atomistic fracture behavior of brittle 

materials. The time step for tensile loading was set to 0.2 fs, and the loading direction was 

perpendicular to the orientation of the pre-existing crack. 

The in-plane stress was calculated using the virial theorem, with the monolayer thickness of 

graphene, h-BN, MoS₂, and Ti₃C₂ taken as 3.4 Å, 3.35 Å, 6.5 Å, and 4.64 Å, respectively2, 5, 11. Far-

field stress was obtained by averaging the tensile stress over all atoms within a rectangular region 

located away from the central crack. Periodic boundary conditions were applied in all three 

directions (X, Y, and Z). A vacuum layer of 40 Å was introduced along the Z direction to provide 

sufficient space for tensile deformation and to eliminate interlayer interactions. All simulation 

results were visualized and analyzed using the OVITO software12. 

S3 Analytical expression of crack length and center pre-existing crack  

S3.1 Mathematical expression of crack length 

By analyzing the repeating unit cell and crack dimensions defined in Figure 3, the expression 
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for the crack length can be obtained as follows: 
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Here vN  is the number of atoms removed to create the defect, 0r  is the covalent bond length in 

graphene and h-BN, 
0r   is the projected bond length of the Mo–S bond in the two-dimensional 

plane, 
0ir   is the projected bond length of the Ti–C bond in the two-dimensional plane (the bond 

lengths are defined in Figure 3), and ( )vm N  is the number of discrete advancement steps of crack 

growth (specified in Table S2 ahead). 

S3.2 Pre-existing central crack structures of h-BN and MoS2 
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Figure S2. Central pre-cracked structures. (a) h-BN and (b) MoS2. The number and type of removed atoms is 

indicated above each configuration, and the corresponding crack-to-width ratio (2a/2w) is labeled below. 
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S3.3 Atomic removal sequence in defective 2DMs 

For graphene, slit crack is constructed by sequentially removing carbon atoms along the central 

axis of the structure, with the crack propagating along either the armchair (AC) or zigzag (ZZ) 

direction. In the case of h-BN, the crack is formed by alternately removing boron (B) and nitrogen 

(N) atoms along the central axis, resulting in a nearly symmetric linear crack. For MoS2, slit crack 

is generated by alternately removing a molybdenum (Mo) atom and its two bonded sulfur (S) atoms 

located above and below the central axis. Specifically, to create a through-thickness crack, one first 

removes an Mo atom, followed by the removal of the two S atoms bonded above and below it. This 

sequence is then repeated to progressively extend the crack.  

For Ti3C2, the slit crack is constructed by sequentially removing atoms from its five-layer 

structure composed of Ti, C, Ti, C, and Ti layers, following a specific four-step cycle. First, a Ti 

atom is removed from the middle (third) layer. In the second step, a C atom and a Ti atom are 

removed: for the AC model, these atoms are taken from the second and fifth layers, while for the 

ZZ model, they are from the fourth and first layers. In the third step, another pair of atoms is 

removed: in the AC model, this involves removing a Ti atom from the first layer and a C atom from 

the fourth layer, whereas in the ZZ model, it involves removing a C atom from the second layer 

and a Ti atom from the fifth layer. The fourth step repeats the second, removing the C and Ti atoms 

from the same layers as before. By cyclically repeating this removal pattern, a straight and through-

thickness crack of arbitrary length can be formed. 
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S4 Theoretical Model for Fracture of 2D Materials - details 

S4.1 Nonlinear elasticity 

The monolayers elastic behavior is nonlinear, likely a result of prestresses embedded in the 

atomic structure, significantly affecting fracture toughness. Nonlinearity is commonly expressed 

by the empirical Ramberg-Osgood equation13, 14, 
0 0 0

n

  


  

 
= +  

 
 , where    is the far-field 

(applied) stress, 0  and 0  are reference strain and stress,   is a dimensionless constant, and n  is 

a strain hardening/softening exponent. Substituting 0 0 / E = , where E  is the modulus (slope at 

the origin of the stress-strain curve), and rewriting6: 

 

1

0

1
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E

 
 



−  
 = +  
   

 (S10) 

The first term specifies the linear part of the elasticity, whereas the second term describes the 

nonlinear part. This equation has four independent parameters, E ,  , 0  and n , which should be 

reduced to avoid over-parametrization when fitting to stress-strain data. In materials with plastic 

behavior, 0  is typically set as the yield strength; however, the atomic monolayers in this study do 

not yield and maintain their elasticity until brittle fracture. We therefore leave 0   as a free 

parameter, and prefer to set 1 = . Note that the exponent n , which in ductile materials reflects 

plastic strain hardening/softening, here, instead, determines the degree of nonlinearity.  

S4.2 Nonlinear energy release rate 

Fracture mechanics uses energy balance as a criterion for fracture, instead of a maximum 

allowed stress or the material strength. Some of the elastic energy stored in a structure under load 
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is released when a crack propagates, providing the necessary energy needed to break bonds across 

the crack faces. Prior to the presence of a crack, the stored elastic energy may be obtained by 

integrating the stress-strain curve over the volume around the crack from where it is released. In 

the following analysis, the J integral method is used, which applies to nonlinear elasticity. J  is the 

strain energy release rate, that is, the amount of energy released per unit area of an incremental 

increase in crack surface. We use the EPRI engineering approach for elastic-plastic fracture 

analysis14, 15, and apply it to a center-cracked plate of finite width in tension6. Similar solutions are 

available in14, 15 for other structures and loading configurations. The nonlinear elasticity is 

described by the empirical Ramberg-Osgood Equation (S10). 

For the linear elastic part, lJ G= , where G  is the cohesive fracture energy per unit crack area, 

and the energy release rate is given by the Griffith model6, 14, 16: 
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where a  is the crack half-length. The parameter h  is a dimensionless geometry correction factor, 

which depends on the ratio /a w , where 𝑤 is the monolayer half-width ( 1h =  when a w )17. 

For the nonlinear elastic part, the energy release rate is given by6, 14, 15: 

 

1
2

0
1

0

1

nn

nl

a a
J h

E w

 



+−
  

= −   
   

 (S12) 

Plane stress applies as the monolayers are very thin plates. The dimensionless geometry correction 

factor 1h  is tabulated in14, 15, depending on the ratio /a w  and the exponent n . 

The total J  is obtained by adding the linear and nonlinear parts and rearranging6, 14, 15: 
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For the present study, this equation is simplified by substituting 1 =   and using large plates 

( a w )6: 
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where 1h   may be obtained by extrapolating the tabular data in14, 15 for / 0a w =  . However, the 

tabulated 1h  is not applicable because it was calculated for continuum solids rather than for discrete 

materials, and therefore fitting must be used.  

Equation (S14) may instead be derived as follows6. The elastic energy density in a defect-free 

monolayer is obtained by integrating Equation (S10), 
0 0

 

    = −  d d . In the presence of a 

crack in a linear-elastic, infinite-width plate, the elastic energy is released from a volume 22a B , 

where B   is the plate thickness. Thus, the energy released by a crack 2a   is 
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, where the dimensionless factor k  is added to adjust the release 

volume for nonlinearity ( 1 = ). The energy release rate with respect to an incremental growth in 

crack area 2=dA Bda  , is given by /= eJ dU dA  . Hence, 
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the same as Equation (S14) when the term 
2

1+

nk

n
 is replaced by 1



h
. 

S4.3 Quantized energy release rate 

The atomic-scale monolayers investigated in this study cannot be considered continuum solids, 

as their structure is discrete. To address the discreteness, the theory of quantized fracture mechanics 
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(QFM) developed by Pugno and Ruoff18 is applied. QFM assumes quantization of the fracture 

toughness, attributed to the discrete propagation of a crack in an atomic-scale structure. In other 

words, the crack propagates by elimination of atoms one-by-one, creating atom vacancies along 

the propagation path. Consequently, the energy release rate is discrete, increasing or decreasing in 

steps that correspond to the discrete steps in crack length. Thus, in an atomic-scale structure the 

length of a crack is a discrete function of the number of vacancy atoms. To recover continuity, the 

energy release rate (Equation (S14)) is averaged along the crack path over a distance of atomic 

scale, q , termed the fracture quantum:  

 ( )
( )
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/ 21
 1

n
a q

a

a q h
J J a da

q E

 

 
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 = = +  
   

  (S15) 

Note that when the ratio /a w  is not negligible, the averaging of J  requires integration of Equation 

(S13).  

The fracture quantum q  can be estimated based on the incremental crack length corresponding 

to each minimal discrete step of crack propagation, which is typically associated with the geometric 

change caused by the removal of one or a specific group of atoms6, 18: 

 
2

( )v

a
q

m N
  (S16) 

Here, ( )vm N  denotes the number of discrete advancement steps of crack growth induced by 

progressively breaking bonds and/or removing atoms. The denominator of Equation (S16) is a 

function of the number of missing atoms (Nv), rather than just Nv as suggested in the references 

cited above; the reason for this is that, in the complex structures studied here, the crack growth 
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steps depend on the specific atoms removal sequence. For example, in some cases a removed atom 

does not cause a growth step along the crack but a lateral step which does not extend the crack, or 

a removed atom overlaps an atom in another layer above or below it. 

The value of the fracture quantum q is obtained by taking the limit in Equation (S16), specifically  

lim 2 / ( )
v

v
N

q a m N
→

= . The associated parameters and computed results are summarized in Table S2. 

Definitions of crack length are based on Equations (S7)–(S9), the atomic removal sequence is 

described in Section S3.3, and the values of bond lengths and their projections are presented in 

Figure 3. Due to the hexagonal symmetry of graphene, h-BN, and MoS2, the fracture quanta along 

the AC and ZZ directions are of the same order of magnitude. Accordingly, the number of discrete 

advancement steps of crack growth for the AC-oriented cracks in these three materials is given by: 

2 vN  , 2 vN  , and 2 2 /3vN    , respectively, which is twice the number for the corresponding ZZ-

oriented cracks. For Ti3C2, both the defect length and fracture quantum definitions are based on 

our previous work6, owing to its quasi-hexagonal lattice structure. 

A distinct pattern emerges from the results presented in Table S2: the limit values of the 

function in Equation (S16) are consistently 
3

4
ACq r  for all armchair cases and 

3

2
ZZq r  for all 

zigzag cases, where r is the projection of the bond length on the 2DM plane. 
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Table S2. Summary of the parameters and results used in the calculation of fracture quantum. 

2DMs Defect Type ( )vm N  Limit result 0r  or 0r   or 0ir  (Å) q (Å) 

Graphene 

AC 2 vN  03

4
r  

1.42 

1.07 

ZZ vN  03

2
r  1.23 

h-BN 

AC 2 vN  03

4
r  

1.45 

1.09 

ZZ vN  03

2
r  1.26 

MoS2 

AC 2 2 /3vN    03

4
r   

1.825 

1.37 

ZZ 2 / 3vN    03

2
r   1.58 

Ti3C2 

AC 
4 3

7

vN + 
 
 

 03

4

ir   

1.77 

1.33 

ZZ 
4 3

7

vN + 
 
 

 03

2

ir   1.53 

 

The fracture quantum is a physical quantity closely tied to the discrete atomic structure of 

2DMs and plays a crucial role in characterizing each specific nanomaterial. In future research, we 

will aim to estimate the q-value of different materials more accurately and universally, based on its 

physical essence as the minimum discrete increment of crack propagation. 

S4.4 Fracture toughness and critical defect 

J  in Equation (S15) is the crack driving force, which depends on the applied stress and the 

defect length. For very long defects, where / 2a q   and 0   , this equation converges to 

2 /J a E , the classic Griffith expression for linear elasticity, resembling the fracture toughness 
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of a continuum solid. However, for short defects, the effect of the quantization and nonlinearity 

becomes significant. The material resistance, RJ , is given by setting f = , the far-field stress at 

fracture for a given defect a : 
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For crack growth to be stable, the rate of change of the driving force with respect to crack length 

should be lower than or equal to that of the resistance, that is, 



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RJJ
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6, 14. 

The critical defect half-length, 𝑎, may be obtained by rewriting Equation (S17) with the critical 

energy release rate IcJ , the energy that corresponds to very long defects (the asymptotic value of  

RJ ). In brittle materials such as the studied 2DMs, RJ  is fairly constant 14, and therefore IcJ  can 

be used for all defect lengths. Thus 
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where the fracture toughness is specified by Ic IcK EJ= . This equation states the unified fracture 

criterion proposed in this study for atomic monolayers. The equation is used for fitting the 

molecular dynamic simulation fracture results of the monolayers investigated in the study. In this 

equation, for each monolayer type, E  , 0   and n   are obtained by fitting Equation (S10) to the 

stress-strain simulation of the defect-free monolayer; q  is estimated by Equation (S16); a  and σ f  

are data pairs at fracture obtained by the simulation of defected monolayers with varying defect 

lengths; and 1h  and IcJ  (or IcK ) are used as fitting parameters. The parameter 1h  can alternatively 

be obtained from the tables in 14, 15; however, its use as fitting parameter allows generalization and 
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better accuracy of the solution. 

S4.5 Pristine strength 

The pristine, defect-free strength, 
*

f  , may be predicted by solving Equation (S18) 

(numerically) for 0=a : 
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 (S19) 

Unlike linear elastic fracture mechanics, the strength prediction does not diverge when there is no 

defect, because of the finite size of the fracture quantum in atomic-scale structures. According to 

this relation, in monolayers with a smaller atomic distance (smaller q ), the defect-free strength 

will be higher. Also, as the ratio 
*

0/ f  is typically smaller than unity, when the nonlinearity is 

more pronounced (small n  and small 0  ), the defect-free strength will be smaller as well. 

S4.6 Approximate solution 

Equations (S18) and (S19) can only be solved numerically for the stress. The following 

approximation provides an explicit solution for the stress, and offers some interesting insights on 

the way elastic nonlinearity affects toughness. For that purpose, Equation (S18) is approximated 

by series expansion of the term in brackets: 
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This approximation has accuracy of order ( )( )2( 1)

0/ 
−n

fO , equivalent to the next term in the 

expansion, and is satisfactory because, except for very small defects, 0 f  . We define the 

nonlinearity factor: 
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where 
2

1+

nk

n
 replaced 1



h
, as noted at the end of Section S4.2, to reflect the effect of the nonlinearity 

exponent. k   is a dimensionless fitting parameter. The nonlinearity parameter p   is of length 

dimension. The rightmost term in Equation (S20), 

3

0





−

 
 
 

n

f
p , is still dependent on the fracture 

stress. However, for long defects ( 0 f ) it may be neglected, while for short defects ( 0 →f ) 

it tends to p . Therefore, we approximate the nonlinear term by p , keeping in mind that for long 

defects it is negligible with respect to a . To compensate for the inaccuracy introduced by this 

approximation, the parameter k  is allowed to be tuned for best fit of the data. 

Rearranging, we obtain an explicit expression for the fracture stress: 
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where =IC ICEJ K  . The pristine, defect-free strength,  

f  , may be explicitly expressed by 

substituting 0=a : 
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S4.7 Model validation 

The UFM model is purely analytical, derived from the established theories of nonlinear 

fracture mechanics (NLFM) and quantized fracture mechanics (QFM). Indeed, NLFM uses the 

empirical Ramberg Osgood (RO) model of elastic-plastic nonlinearity, but this is a commonly 
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accepted approach in NLFM (see details in Sections S4.1 and S4.2). The UFM parameters (h1 or p, 

depending on the model) may be assessed by analytical predictions or by fitting to simulations. 

The dataset used for validating RO is primarily derived from the MD elastic simulation, whereas 

the dataset for validating UFM is derived from the MD crack simulation. Thus, these two datasets 

are created by separate simulations, but are derived using the same MD program and force fields. 

To alleviate a possible concern regarding the use of similarly derived datasets for validating the 

UFM model, we backed the RO MD dataset by DFT analysis reported in the literature (see Section 

S1.5). Furthermore, the UFM fracture toughness results compare reasonably well with theoretical 

and experimental values reported in the literature for 2DMs (see Section 3.4). The theoretical UFM 

model fits the simulation results very well, demonstrating that the NLFM theory, originally 

developed for continuum solids, may be extended for 2DMs by combining with QFM. 

S5 Parameter fitting of nonlinear elasticity in 2DMs 

To avoid the influence of nonlinear instabilities near the fracture point on the fitting results, 

80% of the fracture strain was selected as the cutoff strain. The fitting parameters for Ti3C2 were 

adopted from existing literature studies 10, while those for Ti2C were taken from Ref. 19. Fracture 

mechanics parameters obtained by fitting to the Ramberg–Osgood (RO) equation are summarized 

in Table 1. 
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Figure S3. Ramberg–Osgood equation fitting results for four 2D materials: (a) graphene, (b) h-BN, (c) MoS2, 

(d) Ti3C2, and (e) Ti2C. The DFT data for Ti3C2 and Ti2C are adopted from existing studies10, 19.  

 

S6 UFM Model Predictions for Ti2C 
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Figure S4. Simulated fracture strength and modeling for Ti2C. Log–log plot of the fracture strength  f  

versus defect half-length a  for Ti2C with armchair and zigzag defects. Theoretical trendlines based on the unified 

fracture model (UFM, Equation (S18)) are fitted to the simulation results. For comparison, predictions from 

LEFM, QFM, and NLFM models are also shown. Inset: linear–linear plot highlighting the predicted pristine 

strength *

f . 

 

S7. Prediction results of the approximate UFM model 
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Figure S5. Theoretical trendlines predicted by the approximate UFM model. Log–log plots of the strength 

of armchair and zigzag defected models ((a) graphene, (b) h-BN, (c) MoS2, (d) Ti3C2, and (e) Ti2C) versus the 

defect half-length a. Theoretical trendlines of the approximate unified fracture model (approximate UFM, 
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Equation (S22)) are fitted to the simulation data. 

 

S8 Driving force/R curves for the fracture behavior of Ti2C 

 

Figure S6. Crack Instability Analysis of Ti2C. The simulation data are taken from previous work6, and the 

definitions of specific parameters are detailed in Figure 10. 
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