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Directed Motion of a Graphene Flake under Temperature Gradient:
A Molecular Dynamics Study

MA Yufeng WANG Jingqiu DAI Qingwen HUANG Wei WANG Xiaolei
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China)

Abstract: The solid will migrate directionally from the high temperature area to the low temperature area on the surface with
temperature gradient. In order to understand the mechanisms and influencing factors of this thermal driving movement, the movement
of graphene flake on the surface of single-layer graphene under different temperature gradients is studied by molecular dynamics
simulation, and the velocity and energy of graphene flake are analyzed. It is observed that the directional movement of graphene flake
under different temperature gradients is from the hot end to the cold end of the graphene surface. The higher the temperature gradient
is, the farther and faster the graphene flake moves, and the velocity of graphene flake is related to the temperature of the current
contact surface. Finally, the mechanism of thermal driving is analyzed from the view point of work and free energy. It is found that
the system does positive work on graphene flake, and as the temperature gradient increases, the work on graphene flake increases. The
graphene flake moves towards the direction of low system energy and its free energy decreases continuously during the moving
period.

Keywords: thermal driving; temperature gradient; graphene; free energy; molecular dynamics simulation

1 R AL BN TR AN KL L 2R e AT A ) R
HARL . S5, S BB T R BB ) A
WA NATAN T 2R ZOBT (1 9 5l 7 5, il R BR JiE i

ATRBMAE S TR A RL, R ILLIR A shatR b Fl. BARREIRO ZF M 5t T Bi4h K
BRI FHOGER R T a0 SRR IS NS SIS, RIARL T AL R
BALSAME R, AT 22 AU A T Y I K SR 15 R Bl K e AR RORE T RR 40K
WA R — Pl ar AR B, RSB R FE S, IR T T R RS

(e}
=
ol

* S BB S BIE  (51805252),
Fund: Supported by National Natural Science Foundation of China(51805252).
20210826 W FHIF, 20211129 BFE ks



202 R EH X W LT R

2022 4F

K. E4 TG T 9Kk T 78 H A R B
BRAK R S EE LB BT N . BEBEA K A%
DRI2%, IR0 T 75 B 4 K A5 A1 BE L 1138 B A
AL H5 DA o i T UG DX S P e 1038 3, R F R R
SR (R E)

AU T OV i T A P A 7
LT 0 S R ) 0 SR AT o AR LA R B T
FRTHT 2 M L DX P (R X5 ORI, [ A A AR
AT, A1 CO0 A A B B 1 A7 B0 e T
EE TR BFFUH AR R 2 A BT
TR, et R 4 T TR,
R T A SR 52 AR B 2 SR 28N R 2 THT
AP TERE T B R SIS . BRI, X PhBATR
Z BN LIRS R R AL, b
W&,

KIS R AT e B BRI S (A B
b e e e T SEBL T, T R R TR S 4

50 nm

WSE BN TS, BEMRIER / S R ] Az sh
BLEE, 320 BRI A B 34T 9 AT 4% 7
%, BN AUKL A R GEAE BT R AR A DL iR 12
ARICUA SBT3 13 )1 454
IR, oA TN R SERB S A SR i A0 55
WA M S A Bt REAR AL, PRI LB X
PIPRSE 32 Bl IR 5L

1 AU 5 57k

1.1 #ER%

BEAU 2 4 ph B2 S 0 2% TR AT S 0 41
B B 1 FoR. A SEERIE RSN 10 nmX
50 nm, 3L 19 352 MR T A ssmE R RN R
5nmX5 nm, {1 008 MR AL, BARE T
LT B A SR 3 101 20 3ty 8 mm Ak o ST PR A B A5
RN G5 A Y (Zigzag) Ak o

Bl 1 SR LA IR BORR B R SRR T _E LA G R

Fig. 1 Initial simulated model of the graphene flake on a graphene surface with a temperature gradient
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Fig. 3 Trajectory of the graphene flake at 400-300 K temperature gradient
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Fig. 5 Curve of the speed of centroid movement of the
graphene flake with time under different temperature gradients
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