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» In the area of energy applications, graphene and graphene-based TDOS of pure Graphene v

nanomaterials have many promising applications. Although pure graphene 008
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graphene through band structure engineering is highly useful for many

applications. Creating defects and covalent binding with other atoms or
molecules are effective ways to open band-gap on the zero-gap of pristine

graphene.?!
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Cy charge 0.65 032 043 044 036
* F-band width which is located between VB, and CB

> When graphene is adsorbed with fluorine, a valence band (Bg) near the Eg
is formed mainly from the p orbitals of the fluorine atoms with some small
contribution from the p orbitals of the carbon atoms. These Cy defects
cause a buckling of the graphene surface. When two fluorine atoms are
bonded to the graphene to form two Cy defects, the configuration with the
3 fluorine atoms located on opposite sides of the surface represents the most
DS of 25 Gecasa G i o 30{ TDOS of25-G:case C2 I stable structure with the lowest binding energy. Depending on the fluorine
S ‘ binding sites, the B can serve as a valence band or a conduction band.
Among the five cases studied, only two cases (C and D) open a 0.37 eV and
101 104 0.24 eV band gap respectively. Other cases still have zero band gaps. The
obtained result indicates the band gap opening for graphene with low F-
083 adsorption level strongly depends on the F-binding configurations, which is
different from the fully or highly partial fluorinated graphene.

impact of fluorine defects on the electrical properties of single layer
graphene films. 78!

Only some of configurations have band-gap. At low-F concentration, the band-gap
| opening depends not only on the F-concentration, but also on the binding configurations.

| Band-Structure of Graphene & Graphite-2H
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> The binding energy of fluorine on graphene depends on the F-adsorption
level due to neighboring fluorine interactions. The results presented here
show that for case A,, with two fluorine adatoms binding to adjacent
carbons, but on opposite sides of the graphene sheet, the binding energy
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24 i 1 the concentration is lowered to about 20%, and remains nearly constant as
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r S : . : adsorption level, the interaction between neighboring pairs of fluorine

T 3 T 2 45 05 0 5 10 adatoms is negligible and the most important interaction is between the

1F-doped on Graphene I e A Energy (E-E)) (eV) fluorine and carbon atoms in the Cy defect.

Energy (E'EF) (eV) » Further work are focusing on the optical and band-gap opening properties

e s down of the low-F concentration binding on multi-graphene layers with/without
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Table 3. Binding energies (E,) of different F ations: two F b on adj two-C

side of graphene (case A2). ; - References

Supercell 1x1x1 2x1x1 2x2x1 3x3x1 4xdx1 5x5x1 6x6x1 Tx7x1 8x8x1 . ) .
V. Georgakilas, M. Otyepka, A. B. Bourlinos, V. Chandra, N. Kim, er al., Chem. Rev. 2012, 112, 6156-6214
L. Liao, H. L. Peng, Z. F. Liu, J. Am. Chem. Soc. 2014, 136, 12194-12200;
V.N. Kotov, B. Uchoa, V. M. Pereira, F. Guinea, A. H. C. Neto, Rev. Mod. Phys. 2012, 84, 1067-1125.
R.
H.
I;

PDOS of C

Density of States
TR R
oo 3 B o 3 8

PDOS of F
10] #of C 2 4 8 18 32 50 72 98 124

0 Paupitz, P. A. S. Autreto, S. B. Legoas, et al, Nanotechnology 2013, 24, 035706

Y. Liu, Z. F. Hou, C. H. Hu, Y. Yang, Z. Z. Zhu, J. Phys. Chem. C 2012, 116, 18193-18201.
1. F. Bettinger, K. N. Kudin, G. E. Scuseria, J. Phys. Chem. A2004, 108,3016-3018
Y. Duan, C. D. Stinespring, B. Chorpening, ChemistryOPEN, 2015, 4, 642-650
S. Raghavan, T. J. Denig, T. C. Nelson, C. D. Stinespring, J. Vac. Sci. Technol. B 2012, 30, 030605.

0.0
20 -15 -10 5 0 5 10

1.
2.
3.
F/C ratio 11 12 1/4 19 116 125 136 1/49 1/62 n
5.
6.

F (%) 50 333 20 10 59 38 2.7 2 1.6
6.
E, (eV/IF) -2.778 -2.792 -2.556 2517 2518 -2.543 -2.528 -2.530 -2.485

7
8.

Contact information: Tel. 412-386-5771, email: yuhua.duan@netl doe.gov

U.S8. DEPARTMENT OF

(3, [3{c) §

2ring To Power Our Future




