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Fig. 1. (color online) Graphene model: (a) Intrinsic

graphene; (b) O atom absorbed on graphene.
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Fig. 2. (color online) The torsional mode: (a) The

front view; (b) the side view; (c¢) the top view.

N TR T SRR O TR 1R SR AE A [ HH e
iR IS RRREE, 45 R PR RESE X, R

Ead = Egra + EO - Egra—Oa (1)
Hoh) Egra NAMEA S50 8L A ARG I BE R, Eo

246301-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 24 (2017) 246301

NOJRTHIBER, Ega.o NEMERIIGER. WRIE
(1) 2RI, BB REBOR, Z5H A E .

3 BRE5T®

JH ISE X ASAE A SR 0 A SR A T B O iR Tk &R
W BREAT IR, 45 R R, HLE A LE 0°—20° I, Ay
BRASL R o B35 . O S LR A U
] R 1) 72 0°—20°, 25K 2°.

SR SEMREM

K BT, 5O R =R
7] R A7 175 150 () AR A SR I AT TH L. 45 SRR,
0 JEF IR E C—C 8 EJ7 I, BIB &L, MK R A
TR, SN SR T AR RS, W 3 (a) BTR,
PR 4510 5 SOk (1) A — B0 J8d (1) 25 R b
REN4.25 eV, 53Tk [11] 113.97 eV ZEAK, O
JR ¥ &L ) C—C K 09 0.151 nm, HITLH) C—O
KN 0.147 nm, 53R [11] AHXT B2 0.152 nm Al
0.146 nmF#EA —3. K3 (b) NE 3 (a) K IEMH,
A LT O R 75 4830 (1) C JR 7 B B e 1] 2 ]
ML AH BAE ), S 805 O J5F40IE 1) C ke,
flim SRm e kA T — KA. BE IS
R (1] AH— 35, G B AR 302 B i BN A 58 0 TR B
RGNS HAEE. B RORA ST THELAK O J5
T HAE A SR I PRI AL.

3.1

(a) (b) (c)

K4 (MTIRE) LA

SCHR [22]) 13 Y, A SR I /N T 1500 B, 7S
ARG R e 8. FEA e, %A
RILEE R IR G O, T HLE5 #2846 A K, B bA
KRBT oAb 5 1 LA 257, anlE 4 Fros.

R 1T FIAA R AT A S5O i+
R BE. SZHLELAE IR R 5 R 2R R A
bl 51k R B RE A TR, L8 M 10° B, WRF
BEf A%, N 3.89 eV, HE K ZH IR RN 4.25 eV
FHZEAN K. A TR b i B 8 SO O JR 7 5 Hofx
) C I BE B, HH G A P I B v B R e sk 55, 41
B 0°—6° I, WP EE L) 1.47 A 154 fg 8°—20°
I, MR R B £ 1.48 AL

(a)

(b)

K3 (WA M) A SERH O J5+ (B &) LAk )E JLAT
g8 (a) MHRILK; (b) IERA

Fig. 3. (color online) The structure of O atom ab-
sorbed on graphene (B point) after the geometry op-

timization: (a) The top view; (b) the front view.
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(a)—(h) N SRIGRIT O 1R RIEHLFLFA 2°, 82, 14°, 20° R KT B A IEAL &

Fig. 4. (color online) The geometry optimization structure: (a)—(h) The top view and gront view of O atom

absorbed graphene with 2°, 8°, 14°, 20° torsion angle.
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Table 1. Adsorption energy of O atom absorbed on graphene system with different torsion angle.

HAf/(°)
0 2 4 6 8 10 12 14 16 18 20
WHRE/eV  4.25  4.03 4.00 3.99 397  3.89 3.96 3.95 4.04 3.98 4.00
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Fig. 5. (a) The band structure of intrinsic graphene; (b) the band structure of O atom absorbed on graphene.

R2 AL S SIGEW I O I T AN 4RI /i N i B A

Table 2. The band gaps of intrinsic graphene and O atom adsorbed on graphene with different torsion angle.

HEeS/ ()

0 2 4 6

10 12 14 16 18 20

NXiH Y 0 0.01  0.03 0.07
AR eV 012 0.05  0.03  0.02

0.17 0.24 0.30 0.31 0.31 0.20
0.10 0.10 0.11 0.12 0.16 0.22
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Fig. 6. (a)—(k) The band structure of O atom adsorbed on graphene with 0°, 2°, 4°, 6°, 8°, 10°, 12°, 14°, 16°, 18°, 20°

torsion angle; (1) the band gap of intrinsic and O atom absorbed on graphene changes with torsion angle.
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Fig. 7. (color online) (a) Light absorption coefficent and (d) reflectivity of O atom absorbed on graphene with 0°,
2°,4°,6°, 8°, 10°, 12°, 14°, 16°, 18°, 20° torsion angle; (b), (c) the enlarged view of (a) at the different wavelength;

(e), (f) the enlarged view of (d) at different wavelength.
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Table 3. The band gaps and energy of cut-off absorption of O atom adsorbed on graphene with different torsion angle.
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Abstract

The effects of torsional deformation on the structural stability, the electronic structures and the optical properties,
including adsorption energy, band gap, absorption coefficient and reflectivity of O atom adsorbed graphene are studied
by using the first-principles calculations. Our results indicate that the C atom closest to O atom is pulled up, causing
the graphene plane to be distorted after the O atom has been adsorbed. The adsorption energy calculations show that
due to the adsorption of O atom, the structural stability of graphene system decreases, but the degree of torsion has a
weak effect on the structural stability. The analysis of band structure shows that the adsorption of O atom causes the
graphene to convert into a semiconductor from a metal. Torsional deformation makes it change from a semiconductor to
a metal, and to a semiconductor. The O atom adsorption system with a torsion angle of 12° has an indirect band gap
but the band gaps of other systems are all direct bandgaps. Compared with the intrinsic graphene torsion system, the
adsorbed O atom system has an electronic structure that is less sensitive to torsional deformation. When the torsion
angle changes from 10° to 16°, the bandgap is always stable at around 0.11 €V. And the adsorption system always
corresponds to a narrow bandgap semiconductor in this torsion angle range. For optical properties, comparing with the
O atoms adsorbed on graphene with the 0° torsion angle, the peaks of the absorption coefficient and the reflectivity of

the system are reduced, and have a transform of red shift into blue shift in a torsion angle ranging from 2° to 20°.

Keywords: O atom adsorbed on graphene, torsional deformation, band structure, optical properties
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