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Fig. 1. The structural diagram of the graphene.
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Fig. 2. The longitudinal vibration (a) and the trans-

verse vibration (b) of the graphene.
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Table 1. The variation of elastic modulus of the graphene with the temperature.

T/K 0 300

600 1000 1100 1200 1300

y L A (1) 408.64 406.79
B/N-m~
A (2) 408.64 407.72

405.00 402.56 402.00 401.35 400.95

406.87 405.73 405.44 405.16 404.83
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Table 2. The force constant (C;;), the Young’s modulus (E), the torsional modulus (D) and the Poisson’s

coefficient (o) at different temperatures.

T/K 0 300 600 1000 1100 1200 1300

Ik [21] 383.2

C11/N-m~1 SCHR [25] 355.44
' 353.72  355.96  358.22  361.253  362.02  362.78  363.55

SCHR [21] 62.0

Ci2/N-m~1 SCHR [25] 60.36
AL 58.97 59.34 59.72 60.22 60.35 60.48 60.61

Sk [21] 163.3

Cs4/N-m~1 SCHR [25] 145.86
AL 147.38 148.31 149.25 150.52 150.83 151.15 151.48

AL (1) 394.70 396.86 399.00 401.96 402.69 403.43 404.16
AR (2) 394.70 396.74 398.80 401.56 402.25 402.94 403.64

E/N.-m~1! SCHiR [21] 380
SR [28] 350.01
iR [25] 340

A3 (1) 0.3899 0.3916 0.3932 0.3955 0.3960 0.3966 0.3971
AL (2) 0.3899 0.3915 0.3930 0.3951 0.3957 0.3962 0.3967

D/nN-nm SCHR [19] 0.39
SCHiR [26] 0.24
SCHR [27) 0.23
A3 (1) 0.3390 0.3375 0.3361 0.3338 0.3332 0.3324 0.3322
o A (2) 0.3390 0.3378 0.3366 0.3349 0.3345 0.3341 0.3337
SCHiR [28] 0.31
400 405
360 (@) Cu
—
320} o 3CHk[21]
TQ 280 | X 3CHR[25) _ 400
= |
2, 240 | g
S: 200 Z
~
160 + Cu R
=] 395
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N . R . . 390 s s s s - -
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Fig. 3. The variation of the force constant (a) and the Pois- Fig. 4. The variation of the Young’s modulus (a) and the
son’s coefficient (b) of the graphene with the temperature. torsional modulus (b) of the graphene with the temperature.
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Fig.5. The variation of the phonon frequency of the graphene with the temperature: (a) vpo(0) = vro(0);

(b) vro(2n/d); () vra(2m/d).

Table 3. The variation of the phonon frequency of the graphene with the temperature.

(a) vLo(0) = vro(0); (b) vro(21/d); (c) vra(21/d)

T/K

I 1 I 1 I 1 I 1 I 1 I 1 I 1
0 200 400 600 800 1000 1200 1400

R3S TR IR L AR

1 1 1 1
800 1000 1200 1400

T/K

T/K

0 300 600 1000 1100 1200 1300

A3 (1)  4.8283 49110 49938  5.1041  5.1317  5.1593  5.1869

ARIL(2)  4.8283  4.8956  4.9631  5.0531  5.0753  5.0980  5.1205
vLo = vr0(0)/10'3 Hz

Sk [22] 2.0

SCHR [23] 4.0

A3 (1) 3.5639  3.6250 3.6861  3.7675  3.7878  3.8082  3.8286

AL (2)  3.5639  3.6137  3.6634  3.7298  3.7464  3.7630  3.7796
vra(21/d) /1013 Hz

Sk [22] 1.0

SCHR [23] 2.0

A3 (1) 25231 25663  2.6096  2.6672  2.6816  2.6961  2.7105

ARIL(2) 25231 25583 2.5935  2.6405  2.6523  2.6640  2.6757
vro(2m/d)/10'3 Hz

Sk [22] 1.5

iR [23] 3.0
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Influence of the anharmonic vibration on the Young
modulus and the phonon frequency of the graphene®
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Abstract

In the frame of the Harrison bonded-orbital method, the variations of the force constant, the Young modulus, the
torsional modulus and the phonon frequency with temperature are given through the relevant theory or method of the
solid state physics with considering the non-harmonic effect and the short-range interaction of atoms. Results show
that the force constant, the Young modulus, the torsional modulus, the phonon frequency and the Poisson’s coefficient
all vary with temperature. The results show that the first three quantities increase with temperature but not very
much; the phonon frequency increases with temperature rapidly; the Poisson’s coefficient decreases fast with the increase
of temperature. There are transverse vibrations along the direction perpendicular to the bond-length direction and
the longitudinal vibrations along the bond-length direction, in which the longitudinal vibrations are dominant. The
nonharmonic effect of the longitudinal vibration is much larger than that of the transverse vibration. The first and the
second non-harmonic coefficient of the transverse vibration are both much less than those of the longitudinal vibration,
where g¢/e( &~ 8.477 and e2 /ey ~ 156. The above five physical quantities are constant at different temperatures if the
first and second nonhamonic effects are omitted, which does not conform to the experimental results. After the first and
second nonhamonic effects are considered, they all increase with temperature and results are in good agreement with

experimental data. The anharmonic effect increases with temperature.

Keywords: graphene, non-harmonic effect, Young modulus, phonon frequency
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