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( 2011 c 5 � 3 FÂ�; 2011 c 7 � 27 FÂ�?Uv )

�$L´CcB�á�ïÄ+����9:, ÙÕA�9Æ5�É�
2�'5, �
¢yé�$LD9A5
�ýÏ���, |^��,Ú� "�é�$L?1U5. æ^�²ï�©fÄåÆ�{ïÄ
ÉÃ/�$LB�
�¥��,ßÝ! �9� "�é9�ÇK�¿lnØþ©Û
9�ÇCz�Ï. ïÄL²��,��$LB
��9�Ç:ìeü, �ßÝ�� 30%�, 9�Çeü
 75.8%; ��, �leú�9ú£ÄL§¥, 9�ÇkC
q�¥�5eü�þ,; Ó�uyü�fn�/��,(�'õ�f²1��,(�é9D4³��^r; � "
���3ü$
�$LB��9�Ç, � "� �leú�9ú£ÄL§¥, 9�Çkeü�þ,, � "�å
leú>��Ý�éu���$LB���Ý� 3/10 �, 9�Ç����. �$LB��9�Çü$��ÏÌ�

u(�¥(f²þgd§Ú(f£Ä�Ý�X��,ßÝ! �9� "� ��UCu)
²wCz. ù
(
Jk|uB�ºÝeé�$LD9L§?1N�9�#á��Ü¤A^Jø
nØ|±.

'�c: �$LB��, �O �,, � "�, 9�Ç

PACS: 65.80.Ck, 68.55.Ln, 66.30.J–, 02.70.Ns

1 Ú ó

�X>fì�pÝ8¤zÚ�ºÝz, >fì
��º�FÃªCuB�ºÝ. B�ºÝeì�´
ÄU­½�$1é�§ÝþÉ�Ù�)�p�Ý
�	Uþ=£�Çp$�K�. XJ9þØU9�
üÑ, ÛÜ§Ýò�LÙó�§Ý, ¦ì�¦^Æ
·eü. �X7Ä��NEâÅì��ÙÔn4�,

Ïé�«#Ä.á�5��7Ä., U
¯�/ü
Ñ9þ, Jpì�$1­½5, 3��Nì�uÐ
¥C�c�­�. 2004 c, Novoselov Ú Geim[1] æ
^Å��l{��Ñ
�$L, Ùép�(¬Ý
�É�Ï~/­½59ÕA�>fA5á=áÚ

�þ�ïÄör81Ý�
�$L�ïÄ. D
9�¡, 2008 c, Ghosh �< [2] 3¿§eæ^��

>ª.ù1ÌEâÿ�
�$L9�Ç, Ù�p
� 3080—5150 W/mK. �$L�p�9�Ç¦Ù¤
�e��%Ä8¤>´�n�á�. É�u�B
ºÝeÿÁ�JÝ±9¢S��L§¥Ø(½5
Ï�����$L(�Ø��5, 8c�Ã{�Ñ
�$LB��9�Ç�O(�. �?�ÚïÄ�$
LD9A5, Ù¦Æöæ^©fÄåÆ�{ïÄ

�$LB��9�Ç, �$L9�Ç��[�'¢
��Ñ$, 9�Ç��$L>.Ã5 (ÉÃ/!ç
¸/)!�$L�Ý!°Ý±9g�(�k' [3].

2009 c, Guo � [4] æ^�²ï�©fÄåÆ�{
O�
�$LB��9�Ç, 9�Ç�¢���
C, uy
�$L9�Ç3B�ºÝe�äk²w
�º��A, 9�Ç��$LB���Ý�O�

O\, ç¸/>.9�ÇpuÉÃ/>.9�Ç;
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2010 c, William � [3] æ^²ï�©fÄåÆ�{
�[
�$LB��31w>.�o÷>.e9
�Ç, ÃØ�$LB��´ç¸/½ÉÃ/>.,

1w>.e9�ÇÑpuo÷>.e9�Ç. �$
L3B�ºÝe�9�ÇÌ�É�Ùg�(��
K�, B�ºÝe�$L(�¥D9Ì�±(f�
�Ñ$�Ì, �$LB��(��UC¦(f3D
ÑL§¥�²þgd§9(f£Ä�Ýu)
U
C, l
K�
(f�D9�Ç.

���,{�±éá�?1U5 (UûÙÔz
5U), 3��Ná��A^¥´�«�~k���
{. 2011 c, Chien � [5] æ^
�²ï�©fÄå
Æ�{ïÄ
�zé�$LB��9�Ç�K�,

��fßÝ�� 2.5%�, 9�Çeü
 40%, �X
��fßÝUYO�, 9�ÇÄ�ªu­½. é�
$L?1�z, �±¢yé�$L9�Ç�N�.

�Ä��$L�z��¢SA^��, I�Ïé�
«A^����2,�é�$LD9L§?1N
���{. 3�f(��¡, ��f�%�fkX
Cq��fº���þ, ÀJ��fé�$L?1
�,´¢y�$L5�N���Ð�{. 2010 c,

Shao � [6] æ^�lf{é�$L?1��f�,
¿ïÄ
Ù>fA5, uyÙ>fA5�Uû
u
��fõUì��^9�$L(���AÏ5�.

8c, ®²kNõÆöé�$L�,��f��>
fA59zÆA5?1
ïÄ, ,
é�$L�,
��f��D9A5�ïÄ�é"�, 
D9A5
3�Bì��9�OÚ9+n¥Óké­��/
 . É�ù�X�éu, �©æ^�²ï�©fÄ
åÆ�{ïÄ
ÉÃ/�$LB��3�,��
f�9�$LB���3� "��9�Ç�C
zA5. �$LB���9�ÇÉ�·Ü(�¥�
�f�,ßÝ!��f3(�¥¤? �±9�
 "�3�$LB��¥¤? ��K�. �$L
B��(�3?»�¹e, 9�Ç�CzA5Ì�

u(�¥(f²þgd§9(f£Ä�Ý�U
C. ù
ïÄ(Jk|uB�ºÝeé�$L9D
4L§?1N�.

2 O��.

�©'5­:´��fO �,9� "�

é�$LB��9�ÇK�, ÏdO�¥¦^�
´ÉÃ/�$LB��, ÉÃ/�$LB���Ý
� 15.4 nm, °Ý� 2.5 nm, ¶�æ^±Ï>.^�.

3�$LB��¥m � (7.7 nm ?) �\9ú, �
à�\eú, ã 1 �Ñ
é¡.�$LB��(�
���.

9�Ç�O�ÏL���²ï�©fÄåÆ
�{ (RNEMD) ¢y [7]. �~��²ï�©fÄå
�{´k�\§Ý�2�)96, 
���²ï�
©fÄåÆ�{´k�\962�)§ÝFÝ, ù
«�{6�
�~�ÏJ'X, �§3�²ïG�
e, §Ý÷¶�©ÙkX�¯�Âñ5. �©3O
�L§¥ò���.÷¶�©¤ 50 �, Ù¥1 1

�eú, 1 26 ��9ú, �[¥z� 10 Úreú
¥�Ç����f�9ú¥�Ç����f��
�Ý¥þ. du�f�Ç©Ù�§Ý��o´�u
ùü��§Ý��, ¤±ù���é�foUé�,

=eú¥�Ý�¯��f��Ç�u9ú¥�Ý
�ú��f��Ç. �XÚ��­�, T�Ç��
L§�)�96ò� 1—26 �m����996
�²ï. 9�Ç�±deª�Ñ:

K = −

1
2

∑
Ntransfer

(mv2
h − mv2

c )

2At∂T
∂z

, (1)

Ntransfer ´���f�éê, m ´�f�þ, vh ´
9ú¥�Ý�ú��f��Ç, vc ´eú¥�Ý�
¯��f��Ç, A ´�$LB��D9���î
�¡¡È, ´�$LB��°Ý�þÝ�¦È. �
$L(�¥% - %�f�m��� 0.142 nm, ùp
æ^ 0.142 nm ���$LB��þÝ [8], t ´�[
�m, T ´§Ý, ∂T/∂z ´§Ý÷¶�©ÙFÝ, �
[¥du9ú¥(f�ª�eú¥(f�ª��,

§Ý¬Ñya�, O���¥m�5Ü©[Ü§Ý
FÝ.

3²;©fÄåÆ¥, §Ýæ^ Boltzmann U
þþ©�n��

TMD =
2

3NkB

∑
i

p2
i

2m
, (2)

TMD ´XÚ�[§Ý, N ´�[«�S�fê8,

kB � Boltzmann ~ê, pi ´1 i ��fÄþ, m ´
�f�þ. �XÚ§Ý$u�~§Ý (�$LB�
��~§Ý� 322 K[9]) �, ù«�{ÒØ2·^.

�
¼��(��[(J, I�é�[§Ý?1þ
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f?�. b�3�[§Ý TMD e��XÚ�Uþ
´ü��²þÄU, ��uþf?�§Ý Tq e�
(foUþ [10]

m
N∑

i=1

vi · vi = 3NkBTMD

=

∞∫
0

g(ω)n(ω, Tq)~wdw, (3)

ù p g(ω) ´ ( f � � Ý, n(ω, Tq) ´ ( f � ©
Ù¼ê

n(ω, Tq) = (e~ω/kBTq − 1)−1 +
1
2
, (4)

Tq ´þf?�§Ý, (f�©Ù¼ê n(ω, Tq) ¥~

ê
1
2

L«�´�f":�ÄUþe�(f©Ùê.

þf?���9�Ç�

Kq = (dTMD/dTq)K. (5)

�[¥æ^ Verlet �ÝÈ©{¦)Úî$Ä
�§, �[�mÚ�� 0.5 fs. ��XÚm©�ã

3�KXn NVT eæ^ Nose-Hoover �§�ª$
1 500 ps, ¦XÚ��²ïG�. ²ï�, =� NVE

Xne$1 1 ns, ¦§Ý÷¶�¥�5©Ù, �[
L§¥z� 50 ps é§Ý÷¶�©Ù?1�gÚO
²þ, z� 5 ps é�fé��Uþ?1�gÚO
²þ. XÚ¥% - %�f�mæ^U?. AIREBO

³¼ê [11], U?. AIREBO ³¼ê¥�Ä
�f
�m��§å�p�^, é% - %�f�m��^
£ã��O(. � - %�fm�p�^æ^õN
³ Tersoff ³¼ê5£ã, L 1 �Ñ
äN���f
�%�f� Tersoff ³¼êëê [12,13].

ã 1 �$LB��(�

L 1 %�fÚ��f� Tersoff ³¼êëê

ëê A/eV B/eV λ/Å−1
µ/Å−1

β n c d h R/Å S/Å

C 1.3936 × 103 3.467 × 102 3.4878 2.2119 1.5724 × 10−7 7.2751 × 10−1 3.8049 × 104 4.384 −5.7058 × 10−1 1.8 2.1

N 1.1 × 104 2.1945 × 102 5.7708 2.5115 1.056 × 10−1 12.4498 7.9934 × 104 1.3435 × 102 −0.9973 2.0 2.3

C-N χC−N = 0.9685ωC−N = 0.6381

3 (JÚ?Ø

3.1 ���$$$LLLBBB������������(((���eee999���ÇÇÇ

ã 2 �Ñ�ÉÃ/�$LB��(�3 200—

600 K §Ý��S�9�Ç'X­�, �$LB�
�9�ÇLyÑ
²w�§Ý�65, 9�Ç3
��§ÝCz��S¥eüª³. ©z [14] ïÄ

ØÓ°Ý��$L9�Ç�§Ý�'X, (J
L²�$L9�ÇkXØÓ�§Ý�65'X, ©
z [14] �§Ý��3 0—200 K, �©ïÄ�§Ý
��3 200—600 K, �[§Ý$u�$L�~§
Ý (322 K[9]) �, D9L§�ÌþfD95Æ, 3ù
�§ÝCz��S�$Läk�q�D9A5. 3
�©À��°Ýe, �[§Ý$u�$L�~§Ý
�, ©z [14] ��©O���$LB��9�Ç

�§Ý�Cz'Xäk�q5. §Ý,p, �$L
B��9�Ç¥eüª³. §Ý,p�, (�¥D
9(f�ªÇ¬O�, (f�ÄÌÝ�¬C�, ±
�pª(f39D4L§¥�^¬�5��, 
p
ª(f� Umklapp Ñ��^�r [15], Ñ��^�
Orü$
(fD9�Ç; §Ýþ,�Ó�(f²
þgd§¬~�, �â²;¬�9DÑnØ, 9�
Ç K ∝ l, l L«(f²þgd§, (f²þgd
§�~�ü$
�$LB��9�Ç. Ïd§Ý�
þ,, �$LB��¥(f²þgd§~�àpª
(f Umklapp Ñ��^\r, ��
�$LB��
9�Ç�N¥eüª³. ã 2 ¥�±*	�§Ý
3 300—400 K ��S, 9�ÇLyÑ
þ,A�.

�$L��~§Ý� 322 K[9], ��[§Ý$u�
~§Ý�, D9L§¥Ñy
þf�A, I�é§
Ý?1þf?�, þf?���9�Ç¬'?�c
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 $, ¦�§Ý3 300—400 K ��S�$LB�
�9�ÇÑy
þ,ª³.

ã 2 �$LB��9�Ç�§ÝCz'X

3.2 ������fffOOO   ���,,,eee���$$$LLLBBB������999���
ÇÇÇCCCzzzAAA555

� © ï Ä 
 É Ã / � $ L B � � 3 § Ý
� 300 K ���fO �,e9�ÇCzA5.

�$LB��¥��fO �,æ^�¬�O 
�,�ª [16], ��f3�$LB��(�¥Uì
% - %�f·¶G(�ü�, äN(��ã 3 ¥�
ã¤«. 8c¢�¥�$LB��?1��,k
n«Ì��{: zÆ�È{ (CVD)[17]!>9�A
{ [18] Ú�lf�,{ [19]. CVD {Ú>9�A{
Ñ�¢yé�$L?1��fO �,, ÏLUC
�AíN (NH3 ½ CH4) ßÝ�±é��f3�$
LB��¥�,ßÝ?1N!, �ùü«�{3¢
y��f3�$LB��¥�, �Ú/G��
�¡äk�½JÝ; �lf�,{�'þãü«�
{äkö�{ü!(¹�A:, ´¢y��f3�
$LB��¥�,�¹���, ~X, ��f3�
$LB��¥ßÝ�±ÏL����lfírÝ
½�$LB��3��lfí¥Í1�m5N!,

3�lf�,{Ä:þ?1U?��±¢y��
f3�$LB��¥�, �Ú/G���, ¢y
�©¥�½���f3�$LB��¥�,(�.

� � f 3 � $ L B � � ( � ¥ ß Ý L «
� N/(C + N) × 100%, N L«(�¥��fê8,

C L«(�¥%�fê8. ã 3 �Ñ
§Ý 300 K

�, �$LB���,(�9�Ç���fßÝC
z'X. �X��f�,ßÝ�O\, 9�Ç¥e

üª³. �$LB��¥��f�,ßÝ3�$
«��, 9�Çeüª³é²w. cÙ��fßÝ
3 10%—20%��S, 9�Ç:ìeü, ��fß
Ý� 20%�, 9�Ç�éuvk�,��f�¹�
ü$
 68.76%. �$LB��(�¥Ú\��f
�, du��f�þ'%�f�þ­, E¤
¬�
�Ä��{��A, �{��A��)ü$
(f
ªÇà(f£Ä�Ý9~�
(f²þgd§, Ó
�E¤
(f�ª39D4L§¥��� [20], (
f3DÑL§¥�²¡Å��´ëY�, ��ü«
�f�, du(f�ªØÓ, 3�p=z��ÿ¬
u)��!Ñ�9(f_=y�, ��(fD9U
åeü; Uì²;¬�9DÑnØ K ∝ cvl, K ´
9�Ç, c ´'9N, v ´(f�Ý, l ´(f²þ
gd§, du¬��Ä��{��A, (f£Ä�
Ý!(f²þgd§�~�, ��9�Ç¥eüª
³, Ïd��f�Ú\Uk�/ü$�$LB��
(��9�Ç, é�$LB��9D�L§?1N
�. �X��f�,ßÝ�� 30%�, 9�Ç�é
�cÑy
�ú�þ,ª³. ��fßÝ3�$L
B��·Ü(�¥���½§Ý�, (fD9L§
¥¬±��f(fD9�ª�Ì, ~�
% - ��
fm�(f�ª=��Uþ��, Jp
(fD9
Uå, 9�Ç¬��cÑy���úþ,ª³.

ã 3 §Ý 300 K ��$LB��9�Ç���f�,ßÝ'
X, �ã¥�$LB��(��à´eú!mà´9ú

?�ÚïÄ�$LB��3��fO �,
e�9�ÇCzA5, �©ïÄ
��f�,ßÝ
� 8.3%!§Ý� 300 K �, ��f��, �é
9�ÇK�, 9�ÇCz'X�ã 4, ùpÓ�æ
^�¬�O �,�{, �,(��ã 4 ¥�ã¤
«. �X��f�leú�9ú£ÄL§¥, 9�
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Çkeü�þ,. m©�ã�, 9�Çeüª³'
�²w, ã 4 ¥��f��, �3åleú�à
>� 0—3.27 nm «mS9�ÇCq/¥�5eü,

3 3.27 nm  �?9�Ç����, �X��f�
�, �UY�9ú£Ä, 9�Ç¬�úO\. �
$LB��(�¥Ú\��f��, ��f�3�
%�f�(Ü?¬/¤.¡(�. .¡(���
3, ¦�(f39D4L§¥��.¡?¬u)�
�!Ñ�9(f�ª=�, ü$
(fD9�Ç.

©z [21] ïÄ
É�((�¥�3.¡�9�Ç
�CzA5, .¡��3Uk�/ü$��(�9
�Ç. �X��f��9ú£ÄL§¥, 9�Ç­
�Ñy
��$:, ²L$:�9�ÇLyÑ
þ
,ª³, ù�y�´du��f�3�C9ú�L
§¥.¡NC(fªÇ3O\, (fªÇO\��
½§Ý�, (f3.¡?¬u)�B�A, �B�
A�Ñyk|u(fÏL.¡, JpD9�Ç, l

�$LB��9�Ç��cÑy
þ,ª³.

ã 4 ßÝ� 8.3%!§Ý� 300 K �, ��f��, �é
�$LB��9�ÇK�, �ã¥�$LB��(��à´e
ú!mà´9ú, ��f��, �leú�9ú£Ä

�$LB��¥��f?¿ ��,é9�
ÇK���¹, ÏLü�fn�/�O �,�õ
�f²1�O �,�Ñ, �,(��ã 5 �ã.

lã 5 O�(J�±wÑ, �éu��(�e��
$LB���9�Ç, ü�fn�/�,�õ�f
²1�,Ñü$
�$LB��9�Ç, ü�fn
�/�,'õ�f²1�,é(f9D4�³�
�^�r, ü�fn�/�,��9�Ç$uõ�
f²1�,��9�Ç. E¤ù�y���Ï´�
$LB��(�¥3��f�3�/�/¤
.
¡(�, §Ý3D4L§¥��.¡¬u)a�,

Xã 6 ¤«, 3§Ýa��/�, /¤
 Kapitza .

¡9{, .¡9{��3k�/ü$
(�9�Ç;

Ó�O�¥��[º� (7.7 nm) ��u�$L(
f²þgd§ (~§e¢�ÿ½�� 775 nm[2]), (
f�DÑ±��Ñ$�Ì, (f3.¡?u)
�
�!Ñ�9(f�ª=�, ��
(fD9Uå�
eü [22,23]. �fê8�Ó�¹e, n�/�,(�
'²1�,(�Pk�õ�.¡, .¡é(f�9
D4äk²w�{N�^, l
ü�fn�/��
,���$LB��9�Ç�$. ©z [24] ïÄ

%B�+3ü�fn�/��,�õ�f²1�
�,e�9�ÇCzA5, �,��9�ÇCzA
5Ì�É.¡(��K�, .¡?/¤� Kapitza

9{Uk�/ü$(fD9�Ç, ��9�Çü$.

ã 5 ¥ü�fn�/��,�õ�f²1��,
��9�Ç�§Ý�CzØ´é²w, 9�ÇÄ�
þªu­½G�, ù�y�´duõ.¡(�¥(
f3D9L§¥�ØëY5���(f3.¡?
u)�Ñ�!��!�B�A�õ�¡Ï�nÜ
�^�(J.

ã 5 ü�fn�/��,�õ�f²1��,é�$LB
��9�K�, �ã¥�$LB��(��à´eú!mà
´9ú

ã 6 XÚ§Ý� 300 K �, §Ý÷¶�©Ù
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3.3 ���   """���   ���ééé���$$$LLLBBB������999���ÇÇÇ
KKK���

�$LB��3¢S��L§¥J�¬Ñy
"�, AO´� "�, "���3ü$
�$L
B���9�Ç [9]. �c�ïÄö==é�$L
B��¥Ñy� "�é9�Ç�K�?1

©Û, ¢Sþ� "�3�$LB��¥Ñy 
��ØÓé�$LB��9�Ç�K�´k�O
�. �©é� "�3�$LB��¥Ñy �
�ØÓé9�Ç�K�?1
ïÄ, �$LB�
�9�Ç�� "�leú�9ú£ÄL§¥k
eü�þ,. �$LB��(�ÏL£Ø�$L
·¶G(�¥8���%�f5�)��� "
�, ù«"�/ª=´�É, Xã 7 �ã¤«. ã 7

�Ñ
§Ý 300 K ��$LB��¥� "� 
�ØÓ�9�ÇO�(J, ã 7 �ã�IX¥p
�I¶ K/K0 L«�3�É��$LB��9�
Ç (K) ���(��$LB��3§Ý 300 K �
9�Ç (K0) �'�, ��(�� K0 = 98.7 W/mK;

î�I¶ L/L0 L«�ÉÑy� ��é���Ý
�'�, L L«�Éåleú�à>�ål, L0 L
«�$LB���Ý, L0 = 7.7 nm. ã 7 ¥�É 
�3åleú�à>� 1.42 nm �é�$L9�
Ç�ü$ÌÝ��, �X�É�9ú£Ä, 9�Ç
:ìeü. �É �3åleú�à>� 2.27 nm

�, 9�Ç����, �éu�Éåleú�à>
� 1.42 nm �9�Çeü
 59.24%. �ÉUY�9
ú£Ä, 9�ÇÑy
þ,ª³. �É�Ú\¦�
$LB��¬�(�Ñy
ØëY5, (�LyÑ
FÝ5, ¬��Ä��ØëY5�(�FÝ�m�
�pK� [25−28], ¦9�Ç¥eüª³. �[L§
¥§Ý÷¶�¥FÝ©Ù, ��Ceú, §Ý�$,

?uù�«�S�(fªÇ�$, 
$ª(fÃ{
BL�É, 3�É>.?u)
Ñ�, l
ü$

�$LB��9�Ç. �Éleú�à>��ål
�éu���$LB���Ý� 3/10 �, 9�Ç
����. �X�ÉUY�9ú£Ä, �É¤?�
«�§Ý�p, �É>�?�(fªÇ¬O\, (
fªÇ�O\¦(fPk�õUþ, pª(f¬3
�É?¬u)�By�, òÜ©UþUYD4e�,

Jp(fD9�Ç, (fªÇ�p�By�Ò�²

w. �É �3åleú 2.27 nm �, 9�Ç��c
Ñy
þ,ª³, Ñyù�y�´du3ù� �
��ÉNC�pª(fu)
�By�.

ã 7 � "� �é�$LB��9�Ç�K�, �ã¥�
$LB��(��à´eú!mà´9ú, �Éleú�9ú
£Ä

4 ( Ø

^²;�²ï�©fÄåÆ�{O�
ÉÃ
/�$LB��(�?»e�9�Ç, ��
±e
n��¡(Ø:

1. �$LB��(��3� "�"��, ¬
��Ä�ØëY5�(�FÝ�m��p�^, ü
$
�$LB��9�Ç. �É �leú�9ú
£ÄL§¥, 9�Çkeü�þ,, � "� �
3åleú�à>��éu���$LB���
Ý� 3/10 �, 9�Ç����.

2. �$LB��(�3��f�¬�O �
,·Ü(�¥, �X��f�,ßÝO\, 9�Ç
k:ìeü��Ìþ,. ��f�Ú\k�/ü$

�$LB��9�Ç, ��fßÝ�$�9�Ç
eüª³cÙ²w, ��f�,ßÝ�� 30%�,

9�Çeü
 75.8%, 
��fßÝUYO\�, 9
�ÇÑy
�Ìþ,ª³.

3. �$LB���,��f��·Ü(�¥
9�ÇÉ���f�3·Ü(�¥ ��K�. Ó
�ßÝe, ��fæ^�¬�O �,�ª, ��
f�leú�9ú£ÄL§¥, 9�ÇkCq�¥
�5eüª³, ��åleú�à>� 3.3 nm ?9
�Ç����, �X��f�UY�9ú£Ä, 9
�ÇÑyþ,ª³. ��f3�$LB��(�¥
?¿ ��,�, ü�fn�/��,�õ�f²
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1��,Ñü$
�$LB��9�Ç, ü�fn
�/��,'õ�f²1��,é9D4³��
^�r.

ù
(Jk|u|^��,é�$L(��
9D�L§?1N�, k|±�$L�Ä:��B
ì��9�OÚ9+n.
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Abstract

Graphene has become one of the most exciting topics of nano-material research in recent years because of its unique thermal

properties. Nitrogen doping and vacancy defects are utilized to modify the characteristics of graphene in order to understand and control

the heat transfer process of graphene. We use nonequilibrium molecular dynamics to calculate the thermal conductivity of armchair

graphenenanoribbon affected by nitrogen doping concentration and nitrogen doping location, and analyze theoretically the cause of the

change of thermal conductivity. The research shows that the thermal conductivity drops sharply when graphenenanoribbon is doped by

nitrogen. When nitrogen doping concentration is up to 30%, the thermal conductivity drops by 75.8%. When the location of nitrogen

doping moves from the cold bath to the thermal bath, the thermal conductivity first decreases and then increases. And it is also found

that the structure of triangular single-nitrogen-doped graphenenanoribbon is inhibited more strongly in the heat transfer process than

that of parallel various-nitrogen-doped graphenenanoribbon. Vacancy defects reduce the thermal conductivity of graphenenanoribbon.

When the location of vacancy moves from the cold bath to thermal bath, the thermal conductivity first decreases and then increases.

When the vacancy position is located at 3/10 of the entire length relative to the edge of the cold bath, the thermal conductivity reaches a

minimum value. This is because of the phonon velocity and phonon mean free path varying with the concentration and the location of

nitrogen doping and the location of vacancy defect. These results are useful to control the heat transfer process of nanoscalegraphene

and provide theoretical support for the synthesis of new materials.
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