
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 200207

ØØØÓÓÓ§§§ÝÝÝ^̂̂���eeeüüü������$$$LLLBBB������µµµþþþ555UUU
���©©©fffÄÄÄåååÆÆÆïïïÄÄÄ*

�¥À1)2)† Ï�2) V�1) ´¤91) Ú��1)

1) (ÜS>f�E�ÆÅ>ó§Æ�,ÜS 710071 )

2) (ÜS>f�E�Æ, °�Y��NEâI[­:Æ�¢�¿,ÜS 710071 )

( 2012 c 1 � 12 FÂ�; 2012 c 5 � 3 FÂ�?Uv )

©Oæ^ Tersoff-Brenner ³Ú AIREBO ³, én«�°'�ü��$LB��3ØÓ9åÆ§Ý (0.01—

4000 K) e�µþ5U?1
©fÄåÆ�[. éÄuü«³¼ê�[��$LB��µþ�Uþ­�ÚL¡/m
?1
©Ûé', ïÄ
�$LB��3µþL§¥�Ä�²ïL§. �[(JL²: ü��$LB��¿��{
�²¡(�, >�?ÚSÜÑ¬¥y�½§Ý�åÏÚº½, ù�®k�¢�(J�ÎÜ; �$LB���L¡å
Ï§Ý��°'�~�
~�, ¿�3ØÓ§Ý^�e, XÚÄUé�$LB���µþC/�K�é�, =XÚ
§Ý�p, �$LB���µþC/ÌÝ��; p�°'B��3�½§Ý^�e$�¬Ñyò­y�. ��, éæ
^ Tersoff-Brenner ³Ú AIREBO ³?1�$L�©fÄåÆ�[?1
�\©Û.

'�c: �$LB��, Tersoff-Brenner ³Ú AIREBO ³, µþ5U, ©fÄåÆ�[

PACS: 02.70.Ns, 05.10.–a, 61.48.Gh, 67.25.du

1 Ú ó

2004 c, =Iù�dA�Æ� Novoselov � [1]

æ^�Å��l{l�$þ�e�þü��$L
¡, ¤��$L�uyö. n���$L (graphene)

´dü�%�fÏL�d�(Ü¤��·¶G¬
�(� (Xã 1 ¤«) ��«%�#á�, ´�ïÙ
¦�Ý%�á� (X, "�LVL!��%B�+
Ún��$) �Ä�ü� [2,3]. �$Läk`É�
>Æ!9ÆÚåÆ5U, k"3BÅ>ì�!p5
UB>fì�!EÜá�!|u�á�9Uþ�
;�+�¼�2�A^. 8c, �$L®¤�á�
�ÆÚvà�Ôn+��ïÄ9: [4,5], Novoselov

��Ï3�$L�¡�R�¤Ò
¼� 2010 cì
��ÔnÆø.

�â Mermin-Wagner nØ [6−8], ��Å�åÏ
¬¦�§kS���¬NÉ�»�; ,	�â�
5nØ [9,10], ����3k�§Ý (> 0 K) eLy
ÑØ­½5, cÙ¬u)�­y�. Ïd�Æ[�
Ñ��@�î����¬Ná�´Ø�U�3�,

����$L���uyÚ���.Ä½
ù�
*:. �c, �é�$Lá���'ïÄ�õÄu
n��$L���²¡(��b�. Meyer � [11]

Ú Ishigami � [12] ÏLß�>º (TEM) ¢�þ*
ÿ�ü��$L���L¡Ú>�þ�3�½�
½º, g,G�e�$L´Ä�n����²¡(
�, Ek�?�Úy¢.
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^����, 
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1N�K�¦Ù�kA5u)Cz. �u¢�Ã
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ãþ�3�(J, <�Ï~æ^ê�O��{5�
[B�á�½B�(�3�*ºÝ�Ä�A5, Ù
`:´mÐïÄ���'�$, ¿�U
�~/
�/£ãÔ�3�f!©f�g�CzL§. C
c5, IS	NõÆöæ^©fÄåÆ (molecular

dynamics, MD) �{éB�ºÝá��µþ5U!
åÆ5U�?1
�X��ïÄ [8,13−16]. 3�é
�$L� MD �ý�¡, ¸Ó�Úå+� [8] é�
$Lá�3�Cýé"Ý^�e�µþ5U?1

©fÄåÆ�[, �	
�$L3g,G�e�
��A�, ���Ä�$Lº�9�°'!§Ýp
$�Ï�éuµþA5�K�. �Cýé"Ý�^
�, Ï~�k3¢�¿¥â¬Ñy, ==é�Cý
é"Ý^���[¿ØäkÊH¿Â, I�éÙ¦
§Ý^� (cÙ´¿§^�) ?1&?. d	, �f
m³¼ê�À�éu©fÄåÆ�[�¤}�~
­�.©z [8] æ^ REBO ³Ú AIREBO ³é�$
Lµþ5U��[(J�®k¢�(J�3�½
��É —— ¿�uy�$LSÜL¡�åÏy�.

3�$L MD �[¥À�Û«³¼êâUO(�
Ná����A5Ek�?�ÚïÄ.

Äu±þ�Ï, �©òæ^ü«ØÓ��fm
³¼ê, éA«ØÓ�°'��$LB��3Ø
Ó§Ý^�e�µþ5U?1 MD �[, &ÄB
��º�!�°'!�¸§ÝÚ³¼êéÙµþ
5U�K�, ±ÏíÄ�$Lµþ5UnØ�?�
Ú�õ.

2 �$LB���Ôn�.

NX²ï´©fÄåÆ�[�Ä��¦��,

3?1?Û MD �ý�cÑI�ÄkéNX�n
�½nØ��.Ø�\?Û	å, 4NXUì5½
Xn��¦?Ùgdüz�²ïG�. ©fÄåÆ
�[�µþL§=éNX?1��Ø�\1Ö�
tµL§, ±¦Ù��­½�²ïG�. Ù�±n
)�, 3ù�L§¥NXl<��Ð©�/=C¤
ý¢Ð©�/, ¿¦³U~���­½G�. ��
3?1©fÄåÆ�[�, Ñ�Äk?1µþ, Ù
8�´�
¦NX��Cug,G�e�/�, �
y�ýêâ�O(5.

n���$L´dü�%�fÏL�d�(
Ü
¤��8>/·¶G���¬N (�ã 1), Ù

¥ C—C ����� 0.142 nm, þÝ��$¬N�
�må 0.335 nm[2]. �©[én«º��ü��$
LB���µþ5U?1�[, �$LB����
.ëêëìL 1.

ã 1 ü��$LB���.��f(�«¿ã

L 1 ü��$LB���.�ëê

�.?Ò �Ý L/Å °Ý W /Å �°'

1 298.259 17.22 17.32

2 213.042 36.9 5.77

3 170.434 196.8 0.87

�©¤¦^�©fÄåÆ^�� LAMMPS

(large-scale atomic/molecular massively parallel simu-

lator), �uÙÃ{�Àz/Mï�f/©fNX, I
�/^Ù¦^��ïNX�.. �©æ^
 Mate-

rials Studio ïá
þãn«�°'�$LB���
Ôn�.. 3d�.Ä:þ, �â MD �ý�I�
5�\ØÓ�>.^�=�©O��ç¸.ÚÉ
Ã«.ü«ØÓÃ5��$L.

3 �[L§Ú^�

3.1 ���[[[LLL§§§

ïáÐ�.�, 3mÐµþ�[�c, I�é
NX?1Uþ��z, |ÏXÚ�³U­¡±é
�XÚ�Ä�, 8�´��.��Ü·�Ð© 
., ~�3 MD �[¥�Ø�Ñy, ¿�±!��
ý�m.

©fÄåÆò�f!©f�À�âf, �â®
��âfm��p�^³¼ê, ¦�z�âf¤É
��	Ü�^å; ?
3A½�mÚ�!Ð©^�
Ú>.^�e, �ïNXS¤kâf�G�$Ä�
§, ¿æ^ê��{¦)3ØÓ���âf��m
 �!$ÄG��; ��ÏLÚO²þ�{é3v
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��m��[(J?1O�, ��^r¤'%�
÷*A5½Ônþ, �X9Æ!åÆ�A5, ½§
Ý!ØrÚUþ�Ônþ.

3.2 ³³³¼¼¼êêê

©fÄåÆ�[�'���´âfm�p�
^�³¼ê�.À�, §��û½X©fÄåÆ
�[�°Ý [13]. éu%��9Ùû)Ô (X%B
�+!7f�Ú�$L�) � MD �[5`, ~^
�³¼êk Tersoff ³!Tersoff-Brenner ³!REBO

³Ú AIREBO ³�. ·^u£ã�d�NX�2
��³¼ê� Tersoff ³¼ê, §´�«nN³¼
ê, �±éÐ/�[ C—C �d���«A5, U

�ý¢/�N%��¤�¤�Ná��Ôn5�.

3 Tersoff ³¥b½XÚo��U´Õá¤���
fé�p�^�nÜ.

du Tersoff ³¼ê´Äu�C�p�^uÐ

5�, �3,
A½^�e, �UÑy�¢SØ
Î��¹. Brenner[17] é Tersoff ³�U?Ì�Ny
3�S¼êþ, /¤ Tersoff-Brenner ³¼ê, §Ì�
^5£ã%���f|¤��©f�m�zÆ�
�^³, �X�[O�%B�+�åÆA5.

² � � S � ^ (REBO) ³ [18] é Tersoff-

Brenner ³¼ê�
?�, ³¥Ú\
õN³�
AÚ�fÛÜ�¸�A. �, REBO ³�±O(
/�N�fm�zÆ�U, �´"yé�§�p�
^³�£ã, X©fm���uåÒvk3³¥�
NÑ5. ¢�Ú�[L², éu�fê8'�õ½
'���NX5`, Ø=I��Äé³�)��^
å, 
�A�Ä�§å��^. AIREBO ³¢Sþ
´é REBO ³�U?/ª, O\
�§�p�^Ú
Û­�, Ù³¼êL«�

E =
1
2

∑
i

∑
i 6=j

ERB
ij + ELJ

ij +
∑
k 6=j

∑
l 6=i,j,k

ETORS
kijl

,

(1)

Ù¥ ERB
ij � REBO ³¼ê�, ETORS

kijl ��6u�
¡��oN³Û=�, ELJ

ij � LJ (Lennard-Jones) ³
¼ê�

ELJ
ij = 4εij

[(
σij

rij

)12

−
(

σij

rij

)6
]

. (2)

�©©Oæ^ Tersoff-Brenner ³Ú AIREBO

³£ã C—C �f�m��p�^, ¿Äudéü

��$L�µþ5U?1�[ÚïÄ. 3?1©f
ÄåÆ�ý�, âf�$Ä�§�dÚî1�½Æ
í� 

ai =
d2ri

dt2
=

Fi + fi

mi

Fi =
∑

j(j 6=i)

(−∇Φij)
, (3)

Ù¥ mi, ri, Fi Ú fi ©O�1 i �âf��þ! 
�!âfm�^åÚÙ¦�å; Φij ��fm�p
�^�³¼ê.

�
¼�e����ý¤Iëê, 7Lé$Ä
�§?1ê�¦). ù´��Ð�¯K, �æ^k
��©�{?1¦), ÙÌ�g�=± t ��� 
�!�Ý!\�Ý±9Ù¦�ÄåÆëê, 5í�
3 t + ∆t ���ëê. ~��ê��{k Verlet �
{!Leap-frog �{!Velocity-Verlet �{!Gear ý
ÿ���{!Tucterman Ú Berne õ�mÚ��{
�. �©Äu LAMMPS ^�?1� MD �[, æ^
�´ Velocity-Verlet �{.

3.3 ���[[[^̂̂���

du�©´�é�$LB��?1�ì�?
�[, ÏdI�éNX�\�±Ï5>.^�, ¿
�Ø�\?Û�	Ü�å.

�*	�¸§Ýé�.µþ5U�K�, æ^
�KXn (NVT), 39åÆ§Ý 0.01, 300, 600, 900,

1200, 1500, 2100, 3000, 3600 Ú 4000 K ^�e?
1 MD �[, ¿æ^ Nosé-Hoover �{?1�§N
!, ±;��f9-¹Úå�E,K�. 3 MD �
[¥, %�f��þ� 12.01, �mÚ�� 1 fs, $
1 30000—500000 ÚØ�. ���[L§éÐ©�
/?1¿©�Ã�åµþ, ¦XÚ?uUþ�$�
²ïG�.

4 �ý(J9©Û

�©�é 3 «ØÓ�°'��$LB���
., æ^ü«ØÓ�³¼ê3 10 «ØÓ�§Ý^
�emÐ MD �[, Ïd��I�?1 60 |�ý
âU�¤, �ý?Ò9�[ëêëìXe5K:

RN-F-T, (4)

Ù ¥ R L « µ þ � ý; N L « � . ? Ò, ��
´ 1—3; F L«�ýæ^�³¼ê, kü«: TB
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Ú AR, TB L«æ^ Tersoff-Brenner ³, AR L«æ
^ AIREBO ³; T L«�ý��9åÆ§Ý, ~X:

001 L« 0.01 K, 300 L« 300 K, 3600 L« 3600 K.

Ïd, �ìþã5K, �ý?Ò R3-TB-1500 KL«:

é�. 3 æ^ Tersoff-Brenner ³3 1500 K§Ýe
?1µþA5�ý. �&¦§Ýé�$LB��
µþA5�K�, ò9åÆ§Ý©¤n«�¹: n
�§Ý^� (0.01 K)!¿§^� (300 K) Úp§^
� (600—4000 K).

4.1 nnn���§§§ÝÝÝ^̂̂��� (0.01 K)

ã 2 �Ñ
n«�$LB���.3n�§
Ý^�e²L 30 ps µþ���f�., d��f
�./mÄ�ªu­½, �±@�NX®²¿©/
µþ
. ù�©z [8] ¥�$L��µþ 50 ps ��
f�./mªu­½�(J�C. d��f¿��
�·�, 
´?u��ÌÝ�aÄG�.

éw,, �. 1 L¡�åÏ§Ý��, �. 2

g�, �. 3 åÏ§Ý��, ù`²�X�$LB
���åÏ§Ý�Ù�°'k�½��'5 ——

�°'��, åÏ§Ý��. d	��wÑ, éuÓ
���.5`, æ^ AIREBO ³µþ��º�'æ
^ Tersoff-Brenner ³�(J�.

ã 2 n�§Ý^�en«�$LB��²Lµþ���f�
.ã (±þ�ãþ��$LB��3�Ý��þ�ýÀã)

ã 3 �Ñ
�$LB��L¡/m�:Àã.

3¢S¢�¥ [11,12], <�æ^ TEM ¤*	�ü�
�$L�º�  Ñ´3A�B�$����þ
?, =NX�é��, �. 3 ��[(J�äkë
�d�Ú�'5. lã 3 �±wÑ, �$LB��
L¡�åÏÌ�u)3>�/� —— >��]!
���3éåÏ�K���, 
L¡SÜ�åÏ¿
ØwÍ, �. 1 Ú�. 2 Ó��3ù«y�, ù�
©z [8] ��[(J�q. ù´Ï�n�§Ý^�
e, NXÄU�Cu", =%�f?uCq·�G

�, ?u�.¥Ü (B��SÜ) �%�fo±þ
k C—C �éÙåP, �SÜÃ½ºy�Ñy.

I��Ñ�´, æ^ AIREBO ³µþ��åÏ
Å�'æ^ Tersoff-Brenner ³�åÏÅ��. ù´
dü«³¼ê��OÚå�, AIREBO ³' Tersoff-

Brenner ³Ø�Ú\õN³�AÚ�fÛÜ�¸�
A, 
��O\
�§�p�^ÚÛ­�. ù¦�
Äu AIREBO ³��$LB���ÛÜ�^å²
w, �fÉ��åPå'Äu Tersoff-Brenner ³�
åPå�, l
���$LB��µþ��åÏÅ
�Úº�Ñ��.

ã 3 n�§Ý^�e�. 3 �L¡/mã

4.2 ¿¿¿§§§^̂̂��� (300 K)

ÏL�ý©Ûuy, 3¿§^�eNX��¿
©µþ��m�'n�§Ý^�e��
, ��I
� 60 ps. ã 4 �Ñ
¿§^�en«�.µþ�
��ª/mã. �n�§Ý^�e�Ó, n«�.
��°'�O\, L¡åÏ§Ý�¥yO��ª³;

æ^ AIREBO ³µþ��L¡åÏÅ�Ú�.º
�'æ^ Tersoff-Brenner ³�(JÑ�. é'ã 4

Úã 2, �±wÑ¿§^�en«�.µþ��L
¡åÏ§Ý'n�§Ý^�e��éõ, ù`²�
¸§Ýéµþ�JK�é�.

ÏL©Û�ýL§, uyÄu Tersoff-Brenner

³��.L¡Ì�¥yþe���åÏG�, 
Ä
u AIREBO ³��.L¡Ø�kþe���åÏ,


��¥yk÷�Ý¶���Û=�G�, �. 1

Ly��²w. ÄÙ�Ï, ùÌ�´dü«³¼ê
��O¤Úå�.

ã 5 �Ñ
�. 3 L¡/m�:Àã. d
�, �$LB��L¡�åÏØ�u)3>�/
�, 
�3L¡SÜ�Ñy
½ºªåÏ, �. 1

Ú�. 2 Ó���3ù«y�. ù� Meyer � [11]
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ã 4 n�§Ý^�en«�$LB��²Lµþ���f�
.ã

ã 5 ¿§^�e�. 3 �L¡/mã

ã 6 �. 1 3p§^�eµþ���f�.ã (a) æ^ AIREBO ³; (b) æ^ Tersoff-Brenner ³
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Ú Ishigami � [12] � TEM ¢�*ÿ±9 Fasolino

� [19] ��AkÛ�[(Jéaq. ü��$L¥
�%�f3B��þevkC��f, %�fN´
3{����­
vk¡Eå.

4.3 ppp§§§^̂̂��� (600— 4000 K)

é�. 1—3 39åÆ§Ý 600— 4000 K ^�
e?1µþ�ý, uy�X�½�9åÆ§Ý�,
p, NX��¿©µþ¤I��m�5��, ��
�� 500000 Ú (500 ps).

ã 6 �Ñ
�. 1 3p§^�e²L¿©µ
þ���f�.ã (d?æ^�d�/ª£ã). �
±wÑ,ÃØæ^ AIREBO ³�´ Tersoff-Brenner

³, 3pu 600 K ��¹e, B���.ÑÑy
ò­�y�. ØÓ�?3u: æ^ AIREBO ³�,

3 3600 K§ÝeB��>��%�fÑy lN
X�y� —— �â Lindermann �â [20], �@�d
��$Lm©Kz, æ^ Tersoff-Brenner ³��$
L�Kzu)3 4000 K§Ý. du3p§�¹e,

�. 1 ®²ò­!^=, ÏdÃ{µ�ÙL¡åÏ
§Ý�§Ý�Cz�¹.

ã 7 Úã 8 ©O�Ñ
�. 2 Ú�. 3 3p
§^�e²L¿©µþ���f�.ã. �±w
Ñ, �XNX§Ý�,p, �$LB��L¡�å
ÏÚº½�\wÍ; æ^ AIREBO ³�, 3 3600 K

§ÝeNXm©Kz; æ^ Tersoff-Brenner ³�,

3 4000 K§ÝeNXm©Kz.

ã 7 �. 2 3p§^�eµþ���f�.ã (a) æ^ AIREBO ³; (b) æ^ Tersoff-Brenner ³
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ã 8 �. 3 3p§^�eµþ���f�.ã (a) æ^ AIREBO ³; (b) æ^ Tersoff-Brenner ³

ã 9 Úã 10 ©O�Ñ
�. 2 Ú�. 3 �L
¡��åÏpÝ�§Ý�Cz­�. w,�$LB
��L¡�åÏpÝ�NX§Ýk²w��'5,

��5`§Ý�p, åÏpÝ��. XJ½ÂåÏ

§Ý���åÏpÝ��.��A�º��', K
dã 9 Úã 10 �±uy: du�. 3 ��A�º
�´�. 2 � 4.6 �, Ïd3�Ó§Ý^�e, �
. 2 �åÏ§Ý�'�. 3 �éõ. Ïd, 3�Ó
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§Ý^�e, �X�.º�O�Ú�°'�~�,

B��L¡�åÏ§ÝÅì~�. I��Ñ�´:

d?���åÏpÝ�¹
B��>���­, 3
�[L§¥du��ëêØÓ, Ùê��Uk
�
É, �l�N�ý�9åÆ§Ý��5w, oN�
Czª³´�Ó�.

ã 9 �. 2 �L¡��åÏpÝ

ã 10 �. 3 �L¡��åÏpÝ

ã 11 Úã 12 ©O�Ñ
�. 2 Ú�. 3 3
æ^ØÓ³¼ê�¹e¿©µþ��³UÚÄU
�NX§ÝCz�­�. w,, �Ó§Ý^�e�
. 3 NX�³UÚÄUþ'�. 2 $Nõ, ù´
du3µþ�ý�c?1
NXoUþ���z,

l
��
NX��, ³U9oUþ��. �±
wÑ, NX�³UÚÄU�§Ýkér��'5,

Ñ�X§ÝO\ÅìO�. éuNX³U5`, d
u AIREBO ³O\
�§åO��, ÏdÙýé�
�'Ó�.� Tersoff-Brenner ³�O�(J��
p�
; 
éuÄU5`, =�§Ý�', �³¼ê
vk?Û'X.

ã 11 � . 2 N X ³ U Ú Ä U �§Ý � C z (a) ³ U;
(b) ÄU

ã 12 � . 3 N X ³ U Ú Ä U �§Ý � C z (a) ³ U;
(b) ÄU

ã 13 �Ñ
�. 3 ©O3 0.01, 300, 600 K§
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Ý^�eoUþÚÄU��müz�­�. w,,

oUþÚÄU�üz­�þ¥yÅì²w�Cz
ª³, `²²L 30 ps �µþL§¥�$LB��
�.Åìªu­½G�. 3¿§9 600 K§Ý^�
e, oUþÚÄUüz­��Cuj{ZG�en
�Ä�A5�A�Czª³, �ª�'Ð©G� 
p; 3n�§Ý^�e, oUþüz­��CuL
{ZG�en�Ä�A5�A�Czª³, �ª�
'Ð©G�$�
, 
ÄU�éuÐ©G�Ä�v
kCz.

lã 10 Úã 13(b) �±wÑ, �éun�§Ý
^�, 3¿§^�Úp§^�eNX�ÄU��,

%�f$Ä�Ý\ì, ´ÚåSÜ�º½åÏ�Ì
��Ï.

ã 13 �. 3 NXoUþÚÄU�üz (a) oUþ; (b) ÄU

nþ¤ã, �©&?
3�.���A�º
� (�. 1 � 298.259 Å, �. 2 � 213.042 Å, �
. 3 � 196.8 Å) ����¹e, �°'Ú§Ý^
��éu�$LB��µþA5�K�.�
?�
Ú&Ä�.º�=O�5�éu�$LµþA5
�K�,·�®²mÐ
�Ó�°'!ØÓº��

�$LB���©fÄåÆ�ý, uy�.º�
��åÏ§Ý��. �±ù�@�: �Xº��O
�B��>��]!���3éåÏ�K��J
Åì~�. �u�Ì, �©3dØ2Kã�[Ú©
Û[!.

5 ( Ø

� é n « Ø Ó º � Ú � ° ' � � $ L B
� � � µ þ 5 U, æ ^ Tersoff-Brenner ³ ¼ ê
Ú AIREBO ³¼ê3n�§Ý^�!¿§^�
Úp§^�e�µþ5U?1
©fÄåÆ�ý.

�ý(JL²:

1) n�§Ý^�e, NXÄU�Cu", ?u
�.¥Ü (B��SÜ) �%�fo±þk C—C

�éÙåP, �SÜÃ½ºy�Ñy, B��L¡
�åÏÌ�u)3>�/�; æ^ AIREBO ³µþ
��åÏÅ�'æ^ Tersoff-Brenner ³�åÏÅ
��;

2) ¿§^�e, B��L¡�åÏØ�u)3
>�/�, 
�3L¡SÜ�Ñy
½ºªåÏ,

ù«y��®k¢�Ú�ý(Jaq;

3) p§^�e, 3B��L¡�>�ÚSÜØ
�¬u)º½ªåÏ, 
�p�°'�.3�½§
Ý^�e¬¥y^=!ò­�y�; æ^ AIREBO

³Ú Tersoff-Brenner ³�ý�, �.�L:§Ý©
Ou)3 3600 Ú 4000 K NC;

4) �Ó§Ý^�e, �X�.º��O�Ú�
°'�~�, ü��$LB��µþ�åÏ§Ý�
�; �.µþ�Uþüz­��Cun�Ä�A5
�A�Czª³;

5) �$Léu§Ý^���¯a, éuÓ��
.
ó, �XNX§Ý�,p, �$LB��L¡
�åÏÚº½�\wÍ; 3¿§^�e��º�Ú
p�°'��$LØU­½�3, ��º��KU
­½�3, �3é�$L?1©fÄåÆ�ý�A
ïá·�º���.; �uü«³¼ê�ØÓ��,

)öïÆéu��A�º� (A�D�m) ��$
L?1�ý�, Aæ^ Tersoff-Brenner ³, 
éu
��A�º� (A�B�±þ) ��$L�ý, æ
^ AIREBO ³KU¦NX�%Cug,G�.
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Relaxation properties of graphene nanoribbons at
different ambient temperatures: a molecular

dynamics study∗
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Abstract

At different thermodynamic temperatures (between 0.01 and 4000 K), the relaxation properties of three kinds of graphene nanorib-

bons with different aspect ratios are simulated by molecular dynamics method based on Tersoff-Brenner and AIREBO potential func-

tions separately. Then we compare the energy curves and surface morphologies of nanoribbon relaxation with two kinds of potential

functions, and study the dynamic equilibrium process of the graphene nanoribbons during their relaxation simulation. The simulation

results show that the single layer graphene nanoribbon is not of a perfect planar structure and that a certain degree of fluctuations and

folds occur at the edges and inside of nanoribbons, which are consistent with the existing experimental results; the surface fluctuation

level of graphene nanoribbons decreases with the reduction of the aspect ratio, and the system kinetic energy has a dramatic influence

on the relaxation deformation of the graphene nanoribbons at different temperatures, which indicates that the higher the system tem-

perature, the greater the deformation is. Curl phenomenon could appear even on the surface of the nanoribbon with a high aspect ratio

at a certain temperature. Finally, the simulations of graphen molecular dynamics by using the Tersoff-Brenner and AIREBO potential

are deeply analyzed.

Keywords: graphene nanoribbon, Tersoff-Brenner potential and AIREBO potential, relaxation properties, molec-
ular dynamics simulation
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