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Fluorinated graphene is one of the most important derivatives of graphene and has 

been found to have great potential in optoelectronic and photonic nanodevices. However, the 

stability of F atoms on fluorinated graphene under different conditions, which is essential to 

maintain the desired properties of fluorinated graphene, is still unclear. In this work, we 

investigate the diffusions of F atoms on pristine graphene, graphene with defects and at 

graphene/fluorographene interfaces by using density functional theory calculations. We find 

that an isolated F atom is not stable and diffuses easily on graphene, but the stability can be 

enhanced by inducing vacancies or absorbates in graphene and by creating graphene/ 

fluorographene interfaces, which would strengthen the binding energy of F atoms on 

graphene and increase the diffusion energy barrier of F atoms remarkably.   
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In the past few years, covalently modified graphene derivatives prepared by 

attachment of hydrogen, halogens, or other atoms have attracted considerable interest to tune 

the properties of graphene for their potential applications
1
, such as in nanoelectronic devices 

and as hydrogen storage materials. Besides graphene oxide and graphane, 

fluorographenefully fluorinated graphene is another important structural derivative of 

graphene
1,2,3

. Fluorographene has a similar geometric structure and sp
3
 bonding configuration 

as graphane, with each carbon covalently bonded to one fluorine atom. Fluorinated graphene 

is synthesized mainly by reacting graphene with XeF2 and F2
4,5

 or with CHF3 and CF4 

plasma
6,7

, or by mechanical and chemical exfoliation of graphite fluoride
8,9

. The attachment 

of fluorine atoms to sp
2
 carbons would significantly affect the electronic properties and local 

structure of the materials but preserves the 2D hexagonal symmetry. Such structural change 

would open the zero band gap of pristine graphene to ~3 eV
10

. Fluorographene is also found 

to have high transparency and fascinating insulating properties, which make it being the 

world’s thinnest transparent insulator, and it has great potential in optoelectronic and 

photonic nanodevices
11,12

.  

First-principles studies on graphene monofluoride started in 1993
13

, motivated by 

available experiments on graphite monofluoride. Theoretical calculation also predicts that 

partial fluorination of graphene from C32F to C4F is able to tune the band gap from 0.8 to 2.9 

eV 
2,14,15

. As a result, through patterning graphene by selective fluorination of graphene sheet 

using a low-damage CF4 plasma treatment, it can be achieved conductive (pristine graphene), 

semiconductive (partially fluorinated graphene) and insulator (highly fluorinated graphene) 

areas in the same graphene sheet 
6
. Moreover, fluorination of selective areas of graphene can 

also been achieved by removing F atoms from fluorographene by electron beam
16

 or by local 

deposition of F atoms through laser irradiation with fluoropolymers
17

. In addition, lateral 

graphene/fluorographene hybrid nanoribbons field-effect transistor has been found 
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experimentally to have very high ON-OFF switching ratio of 10
5 

at room temperature. These 

devices also demonstrate excellent current-voltage saturation, providing a potential path for 

active radio-frequency application 
18

. This hybrid graphene/fluorographene nanoribbons have 

also been studied by first-principles calculations to investigate the structural and electronic 

properties
10

. It is found that the electronic and magnetic properties of hybrid graphene/ 

fluorographene nanoribbons are tuneable depending on the interface type (armchair or zigzag 

interface), width of nanoribbons and terminations of the edge, which are promising for the 

realization of the graphene materials-based spintronics applications.  

Although graphene fluoride and graphene/fluorographene hybrid nanoribbons have 

been found to have great potential for applications in optoelectronic and photonic 

nanodevices, the thermodynamic stability of F atoms on fluorinated graphene or at 

graphene/fluorographene interface is not clearly understood, which is essential to maintain 

the excellent properties of graphene fluoride and graphene/fluorographene heterostructure. It 

is known that the stability of H atoms at the interface of graphene/graphane nanoribbons can 

be enhanced significantly compared with an isolated H atom on pristine graphene from ab 

initio calculations
19,20

, and it was predicted that graphene/graphane nanoribbons are stable 

down to the limit of a single carbon chain
19

. Therefore, it is expected that the stability of F 

atoms at the interface of graphene/fluorographene nanoribbons (GFNRs) would also been 

enhanced remarkably. In this work, the thermodynamic stability of F atoms on graphene and 

at the interface of GFNRs are studied by density functional theory (DFT) calculations 

through investigating the diffusion of F atoms on graphene and at the interface of GFNRs. 

Due to the unavoidable defects in graphene in experiments, the effects of defects, such as 

adsorbates and vacancies, on the stability of F atoms on graphene are also investigated. 

Stability enhancement mechanisms for F atoms on graphene are analysed through discussing 

the binding energy and the electron transfer between F atoms and graphene.  
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Results 

The stability of a F atom on pristine graphene: Previously the stability of fluorinated 

graphene with different fluorination degree was mainly indicated by the binding energy and 

bond length of F-C bonds, and the corresponding electron transfer
3,15,21,22,23

. However, the 

mobility of F atoms on fluorinated graphene is unclear. Especially, it is desirable to be able to 

tune the mobility of F atoms on fluorinated graphene for different applications. Therefore, we 

focus on the investigation of the mobility of F atoms on fluorinated graphene and provide 

different methods to tune the diffusion energy barriers. To simplify the investigation, the 

diffusion of an isolated F atom on graphene is first investigated. Figure 1(a) shows the 

supercell of graphene in the calculation. A F atom is chemically adsorbed on the C atom at 

position I in Figure 1(a). For the F atom, there are three different possible diffusion pathways 

as shown in Figure 1(a): to the nearest C (path 1), to the second nearest position (path 2), and 

to the opposite position (path 3), respectively. The relaxed atomic structure with one F atom 

adsorbed on graphene is shown in Figure 1(a), where we can see that the F atom induces a 

structural deformation of graphene. The C atom binding with the F atom protrudes from the 

graphene plane due to the change of the bonding character from sp
2
 to sp

3
-like hybridization, 

similar to the case of hydrogenated graphene
24

. This also agrees with previous reported 

result
25

. The obtained binding energy of the F-C bond Eb is -1.92 eV with bond length lF-C= 

1.535 Å. It is reported that Eb and lF-C show strong dependence on the degree of graphene 

fluorination
15, 21

, where Eb varies from -1.48 to -3.41 eV with corresponding lF-C from 1.383 

to 1.572 Å. In this work, as shown in Figure 1 the fluorination degree is 1 F atom in 18 C 

atoms, the obtained Eb and lF-C are consistent with the reported results of -2.32 eV and 1.565 

Å
15

, ~2.0 eV and ~1.6 Å
21

 with the similar fluorination degree. It is already known that the 

chemical adsorption of F atoms would alter the electronic and magnetic properties of 

graphene and open its bandgap
25,27

. We are not going to discuss the electronic and magnetic 



5 
 

properties of fluorinated graphene in this work, but focus on the thermodynamic stability of F 

atoms on graphene and at the graphene/fluorographene interface. Using linear synchronous 

transition/quadratic synchronous transit (LST/QST) and nudged elastic band (NEB) methods, 

all the three possible diffusion pathways of a F atom on pristine graphene as shown in Figure 

1(a) are calculated and the results are shown in Table 1, where the diffusion barrier Ebar is the 

energy difference between transition state (TS) and initial structure (IS) before diffusion, and 

the diffusion energy ER is the energy difference between the final structure (FS) after 

diffusion and the initial structure (IS) before diffusion. To better understand how to determine 

the diffusion energy barrier and diffusion energy, the detailed diffusion pathway of an 

isolated F atom on graphene along path 1 is taken as an example and shown in Figure 2 

where the atomic structures of IS, TS and FS are also inserted. As shown in Figure 2, along 

the diffusion pathway there is a high energy state-TS, which has an energy of 0.41 eV higher 

than that of IS, i.e. the diffusion energy barrier is 0.41 eV. As one can see, at TS the F atom 

desorbs from the graphene and locates at the bridge site the C-C bond. From the results listed 

in Table 1, it is found that the diffusion barriers for the two possible pathways 1 and 2 are 

very close at ~0.40 eV, while it is much higher for the pathway 3 at 0.54 eV owing to the 

longer diffusion distance and the fact that more C atoms are involved in the diffusion. Note 

that there is no energy difference before and after diffusion for all three diffusion pathways, 

which is understandable because all the C atoms have the same potential energy. Therefore, 

the lowest energy barrier for an isolated F on graphene is ~0.40 eV, which is also consistent 

with the reported value of 0.36 eV for an F atom diffusing on a 2×2 graphene supercell.
21

 In 

general it is considered that a surface reaction at ambient temperature occurs when the energy 

barrier is smaller than 0.91 eV
26

. In addition, the diffusion time at room temperature can be 

predicted by the equation
27

,  

  
 

  
(
     
   

)
                                                               (1) 
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where v is in order of 10
12

 Hz, kB is the Boltzmann constant and T = 298.15 K. For the F atom 

diffusion on graphene,  = 5.78 × 10
-6

 s. Therefore, it is expected that the isolated F atom has 

high mobility on the graphene surface at room temperature.  

The stability of a F atom on graphene with defects: Some defects, such as vacancies, are 

unavoidable in graphene. The diffusion of a F atom is expected to be different if there is a 

defect nearby due to the change of electron distribution near the defect. It was reported that 

the diffusion barrier of transition metal (TM) atoms on graphene increases substantially from 

0.2-0.8 eV to 2.1-3.1 eV if the TM atoms are coupled to a vacancy
28

, and the desorption of H 

atoms on N-doped graphene was found much easier if there is another H atom nearby
29

. 

Therefore, we investigate the diffusion behaviour of a F atom on graphene with another F 

atom or a vacancy nearby. If the first F atom is adsorbed at position IV in Figure 1(a), the 

second F atom has three possible adsorption positions in the same carbon ring, i.e. positions 

I-III, near the first F atom. The second F adsorbed at position V in a neighbour C ring is also 

considered for an example. All the four possible configurations are calculated and we find 

that the configuration with the second F atom adsorbed at position I has the lowest energy, 

indicating the favourite configuration for the two F atoms adsorbed on graphene. The 

corresponding structure is shown in Figure 1(b). Similar to the case of one F atom adsorbed 

on graphene, the two C atoms binding with the two F atoms would protrude from the 

graphene layer. The binding energy of the F-C bond is -2.73 eV and the bond length is 1.484 

Å. Compared with the case of graphene with an isolated F atom Eb = -1.92 eV and lF-C= 1.535 

Å, the binding is much stronger with shorter bond length. This also agrees with the reported 

result that Eb becomes stronger when the fluorination degree increases
21

.  

To consider the effect of another F atom on the diffusion behaviour of the F atom on 

graphene, the diffusions for the second F atom from position I to positions II, III or V with 

another F atom at position IV are calculated, respectively. The three diffusions are indicated 
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as paths 1-3 in Figure 1(b). The calculated results are listed in Table 1. It is found that 

pathway 1 is preferred with the lowest diffusion energy barrier although the diffusion energy 

is high. The low energy barrier for pathway 1 can be understood through analysing the atomic 

charges of the atoms at the five positions I-V. Based on Hirshfeld method
30

, it is known that 

the charges on the five C atoms at positions I-V are 0.094, 0.004, 0.041, 0.094, 0.018 e, 

respectively, while the charges on the two F atoms are the same -0.149 e. For the F diffusion 

along paths 1 and 2, main interactions come from the attractive interaction of positively 

charged C atoms and repulsive interaction of the other negatively charged F atom. During the 

F atom diffusion, the attractive interaction from the C atom at position II or III is similar due 

to the similar atom charges they have. However, the repulsive interaction from the other F at 

position IV is much stronger for the path 2 due to the much shorter distance between the two 

F atoms. Thus, the diffusion along path 1 is easier. For the F diffusion along path 3, the 

attractive interaction between the F atom and the C atom at position V is weaker due to the 

weakly charged C atom. Although the repulsive interaction between the two F atoms benefits 

this diffusion, this interaction is too weak to have obvious effect due to the long distance 

between the two F atoms. Therefore, the diffusion along path 1 has the lowest barrier 1.28 eV, 

which is still much higher than that of 0.40 eV for an isolated F atom diffusion on graphene. 

Therefore, the diffusion of one F atom on graphene would be more difficult if there is another 

F atom nearby, which would change the electronic distribution and strengthen the F-C bonds, 

thus enhancing the stability of the F atoms on graphene.  

Figure 1(c) shows the relaxed structure of one F atom chemically adsorbed on 

graphene with a vacancy. We find that the F atom prefers to adsorb at the C atoms at the 

vacancy and its total energy is much lower than those of the other configurations after 

considering all the possible adsorption configurations. The F atom is found to be close to the 

centre of the vacancy, and the F-C bond tilts to the graphene surface in contrast to F adsorbed 
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on graphene without a vacancy. This is induced by the attractive interaction between the 

other two C atoms at the vacancy and the F atom. The binding energy of the F-C bond is -

4.42 eV with bond length 1.350 Å. The obtained binding energy is much larger than -1.92 eV 

of the F-C bond on graphene without vacancy, and a shorter bond length is found in the 

vacancy system, which is similar to the case of TM atoms coupled with a vacancy in 

graphene
28

. To better understand the interactions of the F atom with the three C atoms at the 

vacancy, the atomic charge of the system are calculated through the Hirshfeld method
30

. The 

results show that the two C atoms at positions IV and V have the same positive charge of 

0.0025 e due to the symmetry of the two atoms, and the charges of the F atom and the C atom 

at position I are -0.0686 and 0.0989 e, respectively. The two C atoms at positions II and VI 

have charge of -0.0098 e. Therefore, repulsive forces are present between the negatively 

charged F atom and the two C atoms at positions II and VI, while the F atom feels an 

attractive interaction with the two positively charged C atoms at positions IV and V. Under 

these electrostatic interactions, it is understandable that the F atom locates at nearly the centre 

of the vacancy.  

To understand the effect of the vacancy on the diffusion of the F atom on graphene, 

three possible diffusion pathways are calculated as shown in Figure 1(c), and the results are 

listed in Table 1. It shows that the diffusion barriers are increased substantially for all the 

three pathways as compared to the case of graphene without vacancy. It is also found that the 

F atom prefers to diffuse among the three C atoms at the vacancy with a lower energy barrier 

of 1.67 eV and there is no energy difference before and after diffusion. For the diffusion to 

positions II and III, much higher energy barriers of 3.11 and 2.88 eV are obtained, 

respectively. Therefore, vacancies can enhance the thermodynamic stability of the F atom on 

graphene significantly, and can be considered to be active sites and anchors for adsorbates. 

Note that, different from other cases, the attractive interactions between the two C atoms at 
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positions IV and V and the F atom also contribute to the binding energy of the C-F bond 

when determined through Equation (2) in the method section below. Therefore, the diffusion 

barrier among the three C atoms at the vacancy is relatively lower due to the fact that only 

part of the C-F interaction needs to be broken for this type of diffusion.  

The stability of F atoms at the interface of graphene/fluorographene: It is known from 

the above discussion that the diffusion behaviour of one F atom would be different if there is 

another F atom nearby. Therefore, it is expected that the diffusion behaviour of one F atom at 

the interface of graphene/fluorographene nanoribbons would change remarkably due to the 

presence of more than one F atom in its neighbourhood. As shown in Figure 3, there are two 

types of interfaces: zigzag [Figure 3(a)] and armchair [Figure 3(b)] interfaces. For the both 

types of nanoribbons, the C atoms protrude from the C layer due to the bonded F atoms, 

which changes the C atoms into sp
3
-like binding. In addition, for the zigzag GFNRs, both the 

graphene and fluorographene nanoribbons are flat [see Figure 3(a)]. However, the graphene 

and fluorographene layers are not in the same plane, and there is a tilt angle of about 150° at 

the interface, which is consistent with previous reported result
10

. For the armchair GFNRs 

[Figure 3(b)], the graphene and fluorographene regions are flat and in the same plane, which 

also agrees with Ref. [10]. The interfaces between graphene and fluorographene nanoribbons 

are the interfaces between sp
2
 and sp

3
 bonded C atoms. C atoms in graphene have sp

2
 

hybridization and the structure stabilizes as a flat sheet. The hybridization changes from sp
2
 

to sp
3
 in fluorographenen due to the presence of alternating F atoms placed on both sides of 

the carbon plane. The sp
3
 hybridization also forces nearest neighbour C atoms in 

fluorographene to lie in different planes. As shown in Figure 3(a), the closed C atoms in 

fluorographene at the right side of the zigzag interface are only bonded with F atoms below 

the fluorographene layer, which would push down the graphene nanoribbon due to the sp
3
 

hybridized C atoms. At the left side interface, the closed C atoms in fluorographene are only 
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bonded with F atoms above the fluorographene layer, which would push up the graphene 

nanoribbon due to the sp
3
 hybridized C atoms. This induces a tilt angle of ~150° at the zigzag 

interface. For the armchair interface, the closed C atoms at both sides of the interface bind 

with F atoms above and below the fluorographene layer alternatively as shown in Figure 3(b). 

The pushing down and up forces at the interface are neutralized. Thus, the armchair 

graphene/fluorographene nanoribbons are flat without a tilt angle.  

The stability of the two types of interfaces are analysed by calculating the diffusion 

barriers of the F atoms at the interfaces. For the case of a zigzag interface, there are two 

different types of C and F atoms, which are indicated as sites I and II in Figure 3(a). For the 

diffusion of the F atom at site I, there are three possible diffusion paths labelled as 1-3. For 

the F atom at site II, there are two possible diffusion pathways that we label as 4 and 5. In the 

case of an armchair interface, all the C atoms at the interface are equivalent from a diffusion 

point of view and there are five different diffusion pathways that we label as 6-10 in Figure 

3(b). The diffusion barriers and diffusion energies for the different paths and for both types of 

graphene/fluorographene interfaces are summarized in Table 1. For the zigzag interface, it is 

found that the barriers are 1.92, 2.10, 2.40, 2.70, 2.68 eV for the pathways 1-5, respectively. 

Thus, the minimum diffusion barrier for the zigzag GFNRs is the F atom at site I diffusing to 

its nearest C atom along the C-C bond with an energy barrier of 1.92 eV. For the armchair 

interface, the energy barriers for pathways 6-10 are 2.26, 2.28, 2.28, 2.26, and 2.27 eV, 

respectively. Thus, the energy barrier for F diffusion at the armchair interface can be 

minimized to 2.26 eV to the second nearest C atom along path 6. For both zigzag and 

armchair interfaces, the minimum diffusion barriers of the F atoms are about 5 times larger 

than that of F diffusion on pristine graphene. In addition, the energy barriers for the F atom 

diffusion along the different paths at the armchair interface are almost the same ~2.26 eV, 

which is larger than the minimum diffusion barrier of F atoms at the zigzag interface. From 
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Table 1, we notice that all the F diffusion processes at the interfaces imply an increase of a 

couple of electronic volts in energy of the system after diffusion, which indicates that after 

the diffusion the energy needed for recovering the system back to the initial perfect 

thermodynamics state is always lower than the energy needed for distorting the interfaces. 

Therefore, the graphene/fluorographene interfaces are rather stable for both types of hybrid 

nanoribbons.  

 

Discussion  

The stability enhancement can be understood by calculating the binding energy of the F 

atoms in the different situations, which are proportional to the strength of the C-F bonds. It 

was reported that the diffusion barrier for an isolated H atom on graphene is ~0.3 eV, which 

was obtained by a DFT calculation using a similar method to this work
31

. The higher 

diffusion barrier here for an isolated F atom on graphene is due to the stronger binding energy 

of the C-F bond (-1.92 eV) than that of C-H (-0.88 eV) 
20

. For the F atoms in other systems, 

Eb in graphene with a vacancy is enhanced to -4.42 eV with lC-F = 1.350 Å, and the Eb for the 

two F graphene system is -2.73 eV with lC-F = 1.484 Å. For the F atoms at the GFNRs 

interfaces, the binding energy of the C-F bond at sites I and II at the zigzag interface are -3.39 

and -3.85 eV, respectively. The corresponding bond lengths are 1.400 and 1.395 Å. For the 

armchair interface of GFNRs, the bind energy at site III is -3.05 eV with bond length of 1.405 

Å. This indicates a stability enhancement of the F atoms on graphene with defects and at the 

graphene/fluorographene interfaces due to the presence of stronger C-F bonds. The results of 

the binding energy and bond length also explain the stability order: F at the vacancy (Eb = -

4.42 eV, lC-F = 1.350 Å) > F at site II of zigzag interface (Eb = -3.85 eV, lC-F = 1.395 Å) > F at 

site I of zigzag interface (Eb = -3.39 eV, lC-F = 1.400 Å) > F at site III of armchair interface 

(Eb = -3.05, lC-F = 1.405 Å) > F with another F atom nearby on graphene (Eb = 2.73 eV, lC-F = 
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1.484 Å) > F on pristine graphene (Eb = -1.92 eV, lC-F = 1.535 Å). Note that the abnormal 

diffusion barrier of 1.67 eV for diffusion of a F atom at the vacancy along path 3 in Figure 

1(c) is because only part of the C-F interaction is broken as discussed above, the actual 

minimum diffusion barrier is 2.88 eV, for diffusion along path 2. In addition, the energy 

barriers for the F atom diffusion along the different paths at the armchair interface are almost 

the same ~2.26 eV, while those for 5 diffusion paths at the zigzag interface are different. The 

different energy barriers at the zigzag interface are induced by the different binding energy of 

F-C bonds at sites I and II, and the tilt angle between fluorographene and graphene 

nanoribbons. The barriers for the diffusions from the site I along outside of the angle are 

always lower than those for the diffusions from the site II along inside of the angle. In order 

to have more clear ideal on the enhanced stability of F atoms on graphene with defects and at 

the interfaces of GFNRs, the corresponding diffusion times are predicted using Equation (1), 

and they are 4.33 × 10
9
, 4.83 × 10

36
, 2.85 × 10

20
 and 1.60 × 10

26
 s for F atoms on graphene 

with another F atoms, or with a vacancy, and at the zigzag and armchair interfaces of GFNRs, 

respectively. From the diffusion time, we can see the huge difference of the mobility of F 

atoms at the different conditions.  

In conclusion, the diffusion of a single F atom on pristine graphene, graphene with 

another F atom adsorbed, graphene with a vacancy, and at graphene/fluorographene 

nanoribbons interfaces are investigated by DFT calculations. It is found that an isolated F 

atom diffuses easily on pristine graphene surface with a low energy barrier of about 0.40 eV 

with predicted diffusion time of 5.78 × 10
-6

 s, while inducing defects in graphene, such as 

adsorbate or vacancy, can increase the energy barrier significantly, thus preventing the 

diffusion of F atoms and enhancing the stability of F atoms on graphene remarkably. On the 

other hand, the energy barrier for F atoms at both zigzag and armchair interfaces increases by 

about a factor 5 as compared to an isolated F on graphene, indicating that F atoms are stable 
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at the interfaces. The enhancement mechanism is believed to originate from the stronger C-F 

bonds under those conditions. Therefore, the stability of F atoms on graphene can be tuned 

through different techniques, such as inducing defects in graphene and creating 

graphene/fluorographene interfaces, with diffusion time from 10
9
 to 10

36
 s in order to 

maintain the excellent properties of fluorographene for applications in optoelectronic and 

photonic nanodevices. 

 

Methods 

The spin-polarised DFT calculations were executed using the DMOL
3
 code. The 

generalized gradient approximation (GGA) with PBE functional was utilized as the 

exchange-correlation functional. A double numerical plus polarization (DNP) was used as the 

basis set, while the DFT semicore pseudopotentials (DSPP) core treatment was utilized to 

include relativistic effects. Spin polarization was included in the calculations. The 

convergence tolerance of the energy was set to 10
-5

 Ha (1 Ha=27.21 eV), and the maximum 

allowed force and displacement were 0.02 Ha and 0.005 Å, respectively. To inspect the 

diffusion pathways of fluorine atoms at the graphene surface, LST/QST and NEB tools in the 

DMOL
3
 code were employed. The k-point is set as 12×12×1 to search for the structure of the 

transition state (TS) and the minimum energy pathway. In the simulations, 18 Å vacuum over 

the graphene layer is taken to minimize the interlayer interactions, three dimensional periodic 

boundary conditions were imposed, and all the atoms are allowed to relax. The DFT+D 

method within the Grimme scheme is used in all calculations to consider the van der Waals 

forces.
32

 The binding energy (Eb) of a F-C bond can be determined by 

Eb = Ei – (Ei-F + EF)                                                    (2) 

where Ei is the total energy of the initial system, Ei-F is the total energy of the initial system 

after deleting one F atom, and EF is the energy of an isolated F atom.   
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Table 1 Diffusion barriers (ETS-EIS) for several diffusion paths (see Figures 1 and 3) 

and diffusion energy (EFS-EIS) for F atom diffusion at different conditions.  

 
Diffusion 

pathways 

Diffusion 

energy (eV) 

Diffusion 

barrier (eV) 

One F atom on graphene 1 0 0.41 

 2 0 0.40 

 3 0 0.54 

Two F atoms on graphene 1 1.12 1.28 

 2 0.30 1.45 

 3 0.78 1.37 

One F atom on graphene 

with vacancy 

1 2.85 3.11 

2 1.80 2.88 

 3 0 1.67 

Zigzag GFNR interface 1 1.27 1.92 

 2 1.27 2.10 

 3 1.01 2.40 

 4 1.47 2.70 

 5 1.50 2.68 

Armchair GFNR interface 6 1.28 2.26 

 7 2.00 2.28 

 8 1.14 2.28 

 9 2.09 2.26 

 10 2.34 2.27 
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Figure captions 

Figure 1  Supercell of graphene used in the calculations. (a) One F atom on pristine 

grapehen, (b) two F atoms on pristine graphene, and (c) one F atom on graphene with a 

vacancy. In this and following figures, the arrows indicate the different diffusion pathways 

considered. The grey and blue balls are C and F atoms, respectively. 

Figure 2  The diffusion pathway of an isolated F atom on pristine graphene along path 1. 

The diffusion energy barrier is the energy difference between TS and IS, while the diffusion 

energy is the energy difference between FS and IS. The energy of IS is set to be 0.  

Figure 3  Atomic structure of graphene/fluorographene nanoribbons. (a) Zigzag and (b) 

armchair interfaces after geometry relaxation.  
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