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Fig. 1. Optimized lattice structure: (a) G; (b) C,F; (c) CF.

B 2 fRALETRY A E AR (a) Cu/G BLH; (b) Cu/C,F H1fi; (c) Cu/CF Hifi
Fig. 2. Interface model before optimization: (a) Cu/G interface; (b) Cu/C,F interface; (¢) Cu/CF interface.

1.577 A, 5 3C#k [36] 9 1.38 AR 1.58 A—FL.
C,F 1 F I F WM 7E C JEF 2R —M], H 2 X5
PiorA, C—F f KN 1.46 A, 38 SCHRIY 1.45 A,
C—C K 1.508 A 1.401 A, 5 3C#ik [37) 1
1.51 A(Cyp3-Cypo) 1 1.40 A (Cypp-Cypp) — 3L

FG 5 Cu(111) A m A an & 2 fr . 435
PEHT 4 x 4MH)Z G (Cyp, a = b = 9.86 A),
CyF (CsuFg, a=b=9.93 A) FICF (CyF3, a=b=
10.39 A) 52 x 2 19 3 |2 Cu(111) EIHZ5H (Cuy,
a=b=10.26 A) &i#, W& REFETHH 3.97%,
3.27% 1 1.26%, fis R BCHRA B IR

2la—0b
0= L+by

(3)

3 #XRfitw
31 OFEF#ZECF LWy #EFE

WM, i O JRT7E G i fe AR bt
AL RO PSR THRT O JEFAE G AR L
AL, 15 308 SR AR HUS AR =2 AR AL (B)-T0Uf;
(T)-Bifi (B), 53C#ik [20, 7] —2. W& 3 B,
MY HRE 22 0.72 eV, $E3E SCHk [20] /9 0.79 eV.
LA A A

o3 O 7 7E C,F JCF mAA F b

B HL, B, WA AR B sp? MR (NI F Ay
CJEF) MR O JiF 1 decf e e Bt (DL
i A1). B 4(a) B/R T O T4 C,F G F il
MUY SR, Al AR 1 B-T-B; #4E 2: B-

0.8

0.72 eV

energy barrier/eV

K3 OJET7E G SRR LAY A RE 22
Fig. 3. The diffusion barrier diagram of diffusion of O atom
on the adjacent bridge site of G.
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Fig. 4. (a) the diffusion paths of O atom on the F-free sur-
face of C4F; (b) the diffusion paths of O atom on the F ad-
sorbed surface of C,F.
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Fig. 5. Diffusion barrier diagram of O atom diffusion on the F-free surface of C,F: (a) Path 1; (b) path 2; (c) path 3; (d) path 4.

016801-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 72, No. 1 (2023) 016801

1.42 eV

1.5 (a)

Energy barrier/eV

Energy barrier/eV

Energy barrier/eV
N}

K6 OBFACFAFMHLYHMAERE (a) BIE5; (b) B2 6; (o) BT
Fig. 6. Diffusion barrier diagram of O atom diffusion on the F adsorbed surface of C,F: (a) Path 5; (b) path 6; (¢) path 7.
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Fig. 7. Diffusion barrier diagram of O atom penetrating: (a) G; (b) C,F.
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Fig. 8. (a) Diffusion barrier diagram of O atom penetrating the F atomic layer of CF to the C atomic layer; (b) diffusion barrier

diagram of O atom diffusion on the adjacent bridge site in CF; (c¢) diffusion barrier diagram of O atom diffusion along the hollow
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Fig. 9. DOS diagram of O atom diffusion along the optimal diffusion path: (a) DOS diagram of initial state and transition state of
G surface; (b) DOS diagram of initial state and transition state on the F adsorbed surface of C,F; (c) DOS diagram of initial state

and transition state on the F-free surface of C4F; (d) DOS diagram of initial state and transition state in CF.
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Fig. 10. Optimized interface model: (a) Cu/G nterface; (b) Cu/C,F interface; (¢) Cu/CF interface.
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Fig. 11. DOS diagram of Cu/G, Cu/C,F and Cu/CF inter-
faces.
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CF I C,F H825E, CF fEJORBERAL S HE N 0,
5 Cu 456 x% CF /i 45180 52 B R K
Wi (EASEE AR, 765 3 5 eVIEHE N, M T
Cu/G Ml Cu/C,F %1, Cu/CF % F Cu Jii T
1) dHiES F T CJEF p FLEAHE L EH
X, R E L, M HAE-5—3 eV LEN
Cu ) dHUES F (% p HUEA W B A ik, HiE
B X AU R, BB Cu/CF R Cu R
F Ji Rl 240 B8, BRI Cu/CF ST Al
Fff 2K F Cu/G Fl Cu/C,F Fti, Brlh Cu/CF 5t
A 45 P B RGBT ORG B 2 1 42 T AT e R
F iy BAm At 53K Cu 57 B rHHEAE
FHTEBA.
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Fig. 12. Crystal orbital Hamilton populations (-COHP) of
three interfaces, the Fermi level is at 0 eV.
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Table A1l. Energy data of O atom adsorption at differ-

ent positions of C,F.

OJEF-WLBH or
HFii/eV ToF1i eV
Bifii -325.31 ~326.67
Toifsr -323.89 -325.23
230 H, ~321.96 -322.36
250 Hy -321.92 -323.25

R A2 OJET7E CF WAIRIALE W ) e 45
Table A2.  Energy data of O atom adsorption at differ-

ent positions in CF.

OJFF W7 & CFH eV
L ~413.70
YN 12 406.10
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Abstract

Fluorination of graphene is one of the most effective methods to improve the corrosion protection of
graphene coatings. In this work, the diffusion and penetration behaviors of O atoms on fully fluorinated
graphene (CF) and partially fluorinated graphene (C,F) are investigated by using the method of searching for
NEB transition state . The effects of F atoms on the corrosion resistance of fluorinated graphene films are also
analyzed r. The results show that the adsorption of F atoms can effectively inhibit the diffusion of O atoms on
graphene. On C,F, the F atoms are distributed in a para-top position, which greatly increases the surface
diffusion energy barrier of O atoms. Moreover, it is difficult for the adsorbed O atoms to diffuse to different sp?
C rings through the obstruction of F atoms. The energy barrier of the horizontal diffusion of O atoms even
reaches 2.69 eV in CF. And with the increase of F atoms, the stable structure of graphene is gradually
destroyed, the ability of C-atom layer to bar the penetration behaviors of O atoms decreases greatly.
Furthermore, the interfacial adhesion work of pure graphene, CF and C,F films with Cu(111) surfaces are
calculated, as well as the electronic structures of the composite interface are investigated by using first-
principles calculations. The interfacial adhesion work of the Cu/G, Cu/C,F and Cu/CF interfaces are 2.626 J/m?
3.529 J/m? and 3.559 J/m?, respectively. The calculations show that the bonding of C,F and C,F with Cu
substrate are stronger than pure graphene with Cu substrate, and the interfacial adhesion work increases with
the augment of F atom adsorption concentration. The calculation of the density of states also conforms that the
interaction between Cu and C atoms of the Cu/C,F interface is stronger than that at the Cu/CF interface.
Bader charge analysis shows that the charge transfer at the Cu/C,F interface and the Cu/CF interface increase
comparing with that at the Cu/G interface, and Cu/C4F interface has more charge transfer, in which Cu—C

bonds are formed.
Keywords: fluorinated graphene, corrosion, diffusion energy barrier, first principle calculation
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