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Fig. 1. The structure diagram of graphene.
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Fig. 2. The variation of graphene’s Griineisen param-

eter with the temperature.
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Table 1. The variation of longitudinal phonon’s Griineisen parameter with the temperature.

T/K 0 300 500 800 1000 1300 1500
(a) 0 0 0 0 0 0 0
(b) 1.4033 1.4153 1.4233 1.4354 1.4434 1.4554 1.4634
(c) 1.4033 1.4154 1.4234 1.4356 1.4438 1.4561 1.4644

Ref.[11] 2.10
Ref.[16] 1.4

E: R (a), (b) M (c) A NI AL TSRV 5E — AR AN R T 8058 — —ARRTIE I 45 R
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Table 2. The vibration modes’ frequency w;, wave velocity v; and Griineisen parameter -y;.

LA TA TO LO 70O ZA
w; /101 s—1 1.5296 2.2381 2.826 2.826 1.256 0.942
v; /km-s~1 21.04 14.09 21.04 21.04 3.53 2.50
Yi 1.4 0.6 1.3 1.39 —0.1 —-1.1

F®3 KR AR SRR R (1076 K1) BEIREE IR

Table 3. The temperature-dependent variation of thermal expansion coefficient a(10~% K—1) of graphene’s

vibration modes at low temperature.

T/K 50 100 150 200 250 270 300
QLA(1) —0.00584 —0.02345 —0.05447 —0.10344 —0.17177 —0.20387 —0.25618
QLA(1,2) —0.00584 —0.02345 —0.05448 —0.10345 —-0.17178 —0.20388 —0.25620
ara —0.00497 —0.01989 —0.04488 —0.08119 —0.13172 —0.15648 —0.19866
aTto —0.00540 —0.02162 —0.04865 —0.08682 —0.13768 —0.16217 —0.20389
arLo —0.01152 —0.04608 —0.10371 —0.18510 —0.29353 —0.34575 —0.43468
azo —0.01477 —0.05966 —0.14305 —0.27460 —0.44733 —0.52463 —0.64646
agaA —0.00049 —0.03494 —0.02741 —0.07336 —1.30330 —1.54230 —1.90215

F4 KB TARBAEK RS (1076 K—1) BEEEZNZK (T < 300 K)

Table 4. The temperature-dependent variation of graphene’s thermal expansion coefficienta (106 K—1) at

low temperature (T < 300 K).

T/K 50 100 150 200 250 270 300
a0 0 0 0 0 0 0 0
ap) —0.04300  —0.20560  —0.42216  —0.80455  —2.48533  —2.93520  —3.64207
ap(12) ~ —0.04300  —0.20560  —0.42217  —0.80456  —2.48534  —2.93521  —3.64209
Ref. [16] -39
Ref. [22] 2.8
Ref. [26] —2.9
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Fig. 3.
graphene’s thermal expansion coefficient (a) and bond
length (b) at low temperature (7' < 300 K).
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Table 5. The temperature-dependent variation of graphene’s phonon relaxation time 7'(10’13 s) at low temperature.

T/K 30 40 60 100 120 180 200 220 250
(a) 194531 461632  6079.11  472.711  189.972  25.017  14.772  9.172  4.841
(b) 195534  46480.6  6141.89  480.871  193.913  25.799  15.286  9.524  5.052
(0) 195354 464237  6130.61  479.402  193.202  25.657 15193  9.460  5.013
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Fig. 4. (color online) The temperature-dependent vari-
ation of graphene’s phonon relaxation time 7(10~13 s)

at low temperature and anti-low temperature.
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Table 6. The temperature-dependent variation of
graphene’s phonon relaxation time 7(10713 s) at anti-

low temperature.

T/K 300 500 800 1000 1200 1500

(a)  9.084 5451 3.407 2.725 2271 1.817
(b)  9.085 5.451 3.407 2.725 2271 1817
() 9.085 5451 3.407 2725 2271 1.817
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Abstract

Considering the anharmonic vibrations and the interactions between electron and phonon of atoms, in this article
we study the temperature dependence of Griineisen parameter, thermal expansion coefficient at low temperature and
phonon relaxation time by using the theory and method of solid state physics. The influences of the anharmonic vibration
of the atom on the above parameters are further discussed. The obtained results are as follows. 1) The thermal expansion
coefficient of graphene is a negative value when the temperature drops below room temperature. The absolute value of
the thermal expansion coefficient of graphene increases monotonically with the increase of temperature. The thermal
expansion coefficient of graphene is —3.64 x 107% K~! at room temperature. 2) The value of Griineisen parameter is
zero in the harmonic approximation. If the anharmonic vibration is considered, the Griineisen parameter will increase
slowly with the increase of temperature. Its value is between 1.40 and1.42 and the change is almost linear. And we find
that the influence of the second anharmonic term is less than that of the first anharmonic term on Griineisen parameter.
3) The phonon relaxation time decreases with the increase of temperature. The rate changes rapidly at low temperature
(T < 10 K), then it changes very slowly. The phonon relaxation time is almost inversely proportional to temperature

when the temperature is higher than 300 K.

Keywords: graphene, thermal expansion coefficient at low temperature, Griineisen parameter, relaxation
time
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