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æ^©fÄåÆ�{, �[
d��� CnH2n+1COOH Ú C17H31COOH (n = 12, 13, 14, 15, 16, 17) |¤�·
Üü� Langmuir-Blodgett(LB) �m��ÞA5, &Ä
�(��Czé�����Þ�K�. (Jw«. 3wÄL
§¥, �X n �O\, �S©f�$ÄÉ��C©f��åÅìO\, �(��½5�ÅìO\, Ù}�ØÅì~
�, n = 17 ��}�Ø��. 3üü���mÃ��/¤¶·Ü�S�©f�m/¤���´ü��(�½�
Ì�Ï�, Ù¥ n = 16 �/¤����½, ��Üd�Ó C17H31COOH ©f|¤�ü���wÄ�J�Ð. ©
f��/CUé}�ØK��~�.

'�c: ©fÄåÆ�[, B��Þ, (�, ��

PACS: 87.10.Tf, 62.20.Qp, 68.55.−a, 82.30.Vy

1 Ú ó

C 
 c, k Å © f � � � � d w � � Þ �
�´�ÞÆ¥ïÄ���9:¯K"ù
©f
���Ì��) Langmuir-Blodgett(LB) �9 Self-
Assembled(SA, g|C�) �. 8cé�����
Þ5UïÄÌ�´±åw�º�°�¤ì [1−4] ¤
��'uÙ�Þ5U�Ån�ïÄ9±O�Å�
[ [5−12] Ù�fºÝ��ÞÅn©·��é�éw
Ä�ÝÚ�Þå�m�'X?1
&? [13], �[
(Jw«, �X�Ý�O\, �Þå¥y�.�, 3
�L�.�éA�wÄ�Ý��, �ÞåÅì~�
¿ªu�Ú.

Ó �, · � � é B � â f � k Å � ó | ¤
� LB �·ÜXÚ?1
�[ [14], (Jw«. �
X��l��ü� LB �XÚ�', ¹k C60 ©f
�·ÜXÚäk�$�}�Ø©©Û(JL², 3
wÄL§¥, C60 ©f�Û�3d�ó©f/¤�
�Çp, ¿�3��wÄL§¥u)EÄ��1�;
XÚm��ÞåÌ�5gu C60 ©f��l��
ü���m��^å, �l��ü����l�

�ü���m��^åé�f.
©z [15] éØÓó��kÅ©f��?1


©fÄåÆ�[, �Ñ�S©f���Ú��m�
�^é��(�k���K�. ©z [16] éØÓó
��©f|¤� LB �� C60 ©f·ÜXÚ?1

ïÄ, �Ñ C60 ©f���3�L¡�]?.

�
?�ÚïÄkÅ©f��3wÄL§
¥, ü��S Ü©f�m!����m�^�
( � Å n é � Þ � K �, � © æ ^ © f Ä å Æ
�[�{é CnH2n+1COOH/C17H35COOH (n =
12, 13, 14, 15, 16, 17)LB ü��·ÜXÚ?1�f
ºÝ�©fÄåÆ�[ïÄ, &ÄdØÓó�|¤
�·Ü©f�ÙSÜ©f�m�^�(�Åné
�Þ�K�.

2 nØ!�.9�{

2.1 ��� ...

�[æ^��.Xe. �[�XÚ´dü¬�
é�áN3��z7Ä�þ�ü� LB �|¤©Ù
¥þ��´d 72 � C18 ©fUn�ü��ª©Ù
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3Ä�L¡, Ï�ù��ü���Cý� LB ��
¢S�¹ [12], e��´d CnH2n+1COOH Ú C18
©f± 1:1 '~Un�ü��ªm�©Ù3Ä�
L¡, z�©f²þ¤Ó¡È� 0.2 nm2[11,17], ü�
ü��Ä�þ²1u XY ¡©·�æ^ 5.5 nm
×3.4 nm ×15 nm � Ý f, 3 Z � � þ, · � æ
^ 15 nm(3±Ï>.^�e, Z ��þ�^�")
±¢y���Ã���NX�[. Ð©�, ·��
½þeÄ��m�ål� 4.7 nm.

ã 1 ü���ýÀãÚ:Àã

2.2 nnnØØØ���{{{

��[¥kÅ�ó©fæ^�·�c¡�ï
Ä�� [13,15] �³¼ê

Vo =
∑ 1

2
kij(rij − bij)2

+
∑ 1

2
kijk(θijk − θ0

ijk)2

+
∑ 1

2
kξ(ξijkl − ξ0)2

+
∑

φ

kφ(1 + cos(nφ − φs))

+
∑

4εij((
σij

rij
)12 − (

σij

rij
)6)

+
∑ qiqj

4πε0εrrij
. (1)

Ù¥1�!�!n!o��z�^ó¥��� 
³!�³!�¡�³Ú	���, 1Ê!18�
� Lennard-Jones(L-J) ³�¥Õ�, Ù¦©O���
�!������, du���3ùp�K�é�,
·�Ø�Ä�����^©

¤k�ëêþ5g©z [11].
3�©¥�[Ì�©oÚ½. éÐ©XÚ�

., Ùz��f�Ð©�Ýd§SU Maxwell ©Ù
)¤, kéÙ?1 10000 Ú�Uþ`z��Âñ¶
1�Ú, é�[XÚ�\±Ï5>.^�, ¿æ
^ Noose-Hoover 9ú [18] ¦XÚ�± 300 K �ð
§, éÙ?1 10000 Ú�©fÄåÆ²ï; 1nÚ,

·��±e��·�, æ^ Umbrella pull �{.Ä
þ��÷ Z ¶K��± 4 m/s �Ý?1 10 × 104

Ú�©fÄåÆ�[��þe����>�aq
u¢S�ÞNX�(�¶��, �±e��·�¿
± 10 m/s ��Ý÷ X ���.Äþ��?1 50
×104 Ú�©fÄåÆ�[. �[æ^ OPLS AA å
| [5,19,20], ���[¥��mÚþ� 0.002 ps, ��
u³Ú L-J ³��å©O� 0.9 nm Ú 0.9 nm©¤
k�[þ3 Intel core2 Q6600 Fedora 10.0 ²�þæ
^ Gromacs 4.2 §S� [21−25] �¤©

3 (J9?Ø

3.1 ···ÜÜÜNNNXXX���}}}���ØØØ

}�Ø´�ÞB�m��ÞåÚ�ÙR��
�>¡È�'�. �ü�é��ÞBm��>¡È
ØC�, }�Ø��, �Þå��. æ^}�Øé�
Þ?1L«, �±éÐ�éØÓ���NX�5�
?1'�.

ã 2 ´ Cn/C18 NX�}�Ø�wÄål�C
z�. dum©��mS, �[NX�vk��
�½!��²ï, ¤±·��NX3 4—8 nm �
m�êâ?1©Û. lã 2(a),(b),(c) �±wÑ, 8«
�.�}�Ø²w�¥5Æ�±Ï5Cz, �ÙC
z�±ÏÚ¬��©Ù´���, ù´NX3wÄ
L§¥�Å - w�A�Ny [26]. ·�é 6 «NX
�}�Øêâ?1©Û, Xã 2(d), lã¥�±w
Ñ, Ù²þ}�Ø�X©fó���~�¥4~�
ª³, C13/C18 �.�}�Ø��, C18/C18 �.�
}�Ø��. )ö@�ùÌ�´dÿÀ(��Cz
¤E¤�, 3©fó������ C13/C18 �.¥,
©f�m����� C18 ©fm��mO\, C18
©fÉ����©fm��å��A�~�, $Ä
�m�O�
, Ã{/¤(�½�©fq [13]. 
3B�?O��Þ¥, �ÞåÌ�5g©fm��
^å, ·Üü��S� C18 ©f3wÄL§¥�ì
�$Ä���^åCz'��¶3X C18 �¥,
NXS�©fÑ����©f�m�p�^'�
½, ©f/¤½�©fq½��, �A�}�
Ø'��. �©¥��Þå�©z [13,14] ¥�Ø
r�'��, ùÌ�´du·�3�[��©fó
�O\k', ©z [27] ¥L²�Xó��O\�Þ
å~�, Ó�, O�²�Ú�¸±9Ýf�º�é
Ù�k�½�K�.
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ã 2 (a),(b),(c) ©O�wÄ�Ý� 10 m/s �, ØÓ·Ü�.�}�Ø�wÄål�Cz'X (1bar = 105Pa); (d) �ØÓ�.
�}�Ø��SØÓ©fó����Cz�ã

3.2 ØØØÓÓÓ©©©fffNNNXXXüüü������SSS���������ÚÚÚ���
½½½555©©©ÛÛÛ

du|¤ü���©f´45©f, ��ó©
fm��^�Ø��, ù���
ØÓ©f|¤�
·Üü���½5�Ø��. �d, ·�é 6 «
NXü��3wÄL§¥�©fm���9��
��?1
©Û.

���,áuf�p�^, �´ù«f�p�

^3�B��Þá�¥�å�
é���^, A
O´3�ó©f�ü�� LB �¥, ���/¤´
�.�±(�½5����Ï�. nØþ, �
X·Ü�.¥�ü«ØÓó�©f�©f�Ý�
~�, Ù���ê8AT�±½½ÅìO\, ã 3
¥� C16/C18, C17/C18 Ú C18 þNyÑù«5Æ.

3éÑÑ�(J?1©Û (Xã 3), Ó�éÙ
�Àz?n�, )öuy 6 «ØÓ�.¥, Cn ©
f� C18 ©f�mþ�±/¤��, �Ù¥yX
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eA:: ©fó�Ý�����, C18 ���§
Ý��, ù� C18 ©f¥� COOH �����á
� C(n = 13, 14) ©f� COOH m/¤��, �´
ÙÆ·éá, Ì�´���� C18 ©f/¤��,
 Cn ©f� Cn ©f�m/¤��, §��Æ·
'��. 3 n = 15, 16 �, C18 ���§Ý²w
~�, Cn � C18 �m/¤����VÇ3O\¿
�Æ·3O\, �·�uy C13/C18 Ú C14/C18 �
.¥���ê8�' C15/C18 �.�5�õ, �d,
)öé C15/C18 �.?1
õg�[Ú©Û, ÏL
©Û, )öuyd�.�½5��, ��.�(
�3.ÄL§¥Ñyé��Cz, ·�@�ù��
����k', ·�æ^ 0.35 nm �����äå
l [22],  C15/C18 �.¥·Ü©f�mduó�
���Ú©f����Ï, �Øv±/¤½��
�, �Ó��K�
·Ü�S©f�m�½5.

ã 3 ·Ü�.¥ØÓ©f¥%�fê�����ê8�C
z�

3 n = 17, 18 �, ��±
ëY�½5, ù
Ì�´duü��S�©f©Ù�±����©
f/¤
½����, �,3wÄ�L§¥k
���¬äm, �é¯¬ÚN��Ù¦©f/¤
��, ù«�¹�Ò��
dA���©fÏ��
à83�å/¤©fq, ,�
/�/¤�
� [13](©fqÚ����±w¤�������
Æ). � C17/C18 �.'X C18 �¥���ê8�,
ùL² C17/C18 �.�(��½.

3.3 ���SSS©©©fff���$$$ÄÄÄ111���©©©ÛÛÛ

�
?�Ú©Û�S�(�½5, ·�©Û

�S�©f�$Ä�¹, ±�Ð�
)3wÄL
§¥��(�CzÅn.

3.3.1 ØÓ�ó3©fS�{Ä

c¡·�©Û���/¤�äm��ÿ, ·�
��3·Ü�ØÓ�Ý�©f/¤����J´
§ÝØÓ, éuü«©fó������·Ü�,
Ù�ó C18 ©f7L��é��§ÝâU��C
©f/¤��, �ù«���´éN´äm, �Ò
´`ÙÆ·éá; ó���Ø��©f/¤��
é½, ���Æ·�é��. �3©f/¤��
�äm�/¤1���ùã�mS, ©fó¬u)
��Ì{Ä^=, ù«{Ä^=�ì�§Ý�}�
Ø�mk�½�éX.

ã 4 C13/C18 �.¥�ØÓ�f��Ä�$Ä�� (a)
´ C13 �ó©f¥� COOH $Ä���; (b) ´ C18 �ó©
f¥� COOH �$Ä��

ã 4 ´ C13/C18 ·Üü��S� C13 Ú C18
�ó©f��m�{Ä�. lã 4 �±wÑ,
C13 © f � $ Ä � � 3 X � � � { Ä Ì Ý �
� 0.35 nm, 3 Y ���{ÄÌÝ��
 0.45 nm,
ùL² C13 �üý� C18 3�½§Ýþ��

3 X ���$Ä, ù�Ú·�c¡©Û� C13 3
wÄL§¥Ì����� C13 /¤��, � C18
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©f�/¤���VÇ�ÚÆ·á��� (ë�
ã 1). lã 4(b) �±wÑ, C18 ��Ä3 X ���
�ÄÌÝ (� 0.6 nm) ' Y �� (� 0.35 nm) ��,
ùÌ�´du3 X ��þ, ��� C18 �mm�
�!�m�, ù¦� C18 ©f� COOH 3 X ��
þ�$Ä�mÚN´§ÝO\, ù��ã 1 �éA.

L 1 ´·�é 6 «ØÓ�·Üü��S� Cn

Ú C18 ��Ä COOH 3���[¥��ÄÌÝ.
lL 1 �±wÑ, ·Ü�¥� Cn ©f��Ä3 Y

���ÄÌÝÄ��±ØC, �� 0.45 nm; �Xó
��O\, Ù3 X ��þ��ÄÌÝÅìO�, ù
L² Cn ©fó��O\�Ñ
±� C18 ©fé
Ù���. éu C18 ©f, �X Cn ó��O\,
Ù�Ä3 X Ú Y ����ÄÌÝþ¥ÅìO\�
ª³, ¿�ªÚ Cn ©f��ÄÌÝ�Ó, ùL²

ó��O\¦� C18 ©f�$ÄÉ�
NC� Cn

©f�K�Ú��. ùL²©f��p�å¦�N
X(�½, l~�
�Þ.

L 1 ØÓ Cn/C18 �SØÓ©f� COOH ��ÄÌÝ /nm

�. C18 Cn

X �� Y �� X �� Y ��

C13/C18 0.55 0.25 0.35 0.45

C14/C18 0.4 0.22 0.35 0.4

C15/C18 0.6 0.3 0.5 0.4

C16/C18 0.5 0.4 0.5 0.5

C17/C18 0.65 0.3 0.7 0.4

C18 0.7 0.35

3.3.2 ØÓ�ó3©fS�ó���Cz
dþ¡é©f��Ä��ÄÌÝ©ÛÚã 2

�}�Ør�Cz, ·��Ñ: �Xó��O\, �
Ä{ÄÌÝO\, �´wÄL§¥Å - w�A±Ï
�Åì~�, �´Ù}�Ø¥~��ª³. �
�
[&Ä©f$Ä�S3Ån, ·�é©fó��?
1
©Û.

�ó©f���§Ý�´kÅ��3�Þ¥
(�Cz�����L�, �
�°(�£ãÙ
��§Ý, ·�ÀJ
±lÞÄå�1 4 �%�f
��å:�f, ±1 11 ��f�ª:�f (Xã 5,
), Ù�Ý� l0, �ó�f���, å©�f3 Z �
���I�� l, K���� θ = cos−1(l/l0)(Xã,
´±ç�� Z ¶���ë���). ã 6 ´ØÓ�
.¥ Cn Ú C18 ©f����§Ý�©fó�Ý
���Cz�.

lã 6 ·��±wÑ, �X·Ü�¥ Cn ©
fó�Ý�ÅìO\, C18 ©f� Cn ©f��
�¥ÅìO\ª³, ù��·�c¡�©Û��
�. A,B,C,D o��.¥ Cn Ú C18 ©f��Ý
��� D Ú E �.��, Cn ©f�{ÄÉ��
�� C18 ©f����å��é��, Ïd��
� C18 ©f5��, ���þ3 37◦ ±e; �, C18
©fó���, �du§�É�
��� Cn ©f
����å, ù«�å� F �.¥�X C18 ©
fÉ���å�'5��, �¦�c 5 «�.¥
� C18 ©f���5��. 3 F �.¥, C18 �
©f�²þ����
 46.6◦, ù'·�c¡��
. [13] ���5��, �'©z [28] ¥���, )
ö@�, ùÌ�´kÅ�ó C18 ©f'©z [13,28]
¥�©fó����. ©fóC�Ò¬¦Ù���
§Ý��, 3�m�ü½å�^e, �S©fó�
�§Ý��, ��Ïd¢y
(���5, äk
����^ål��~���J. 3©fó�
�����·Ü�.¥, �, C18 ©f���§Ý
�, �Ù©f{Ä�ªÇ�p, �m�^å��, �
éA
���}�Ø.

ã 5 ©f���«¿ã

ã 6 ·Ü�¥ØÓó�¥ C �fê�������'X
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3.4 ©©©fff���///CCCééé���ÞÞÞ���KKK���

�kÅ�ó©füÕ�3�, ¥yR5©f�
A:, �Ù/¤kÅ��, du©f�m��p
�^, KLyÑ
�½�f5, ·��é�ó©f
3wÄL§¥�/C³Ué�Þ�K�?1
©
Û. �ó©f³¼ê (1) ¥�1�!�!n�Ò´
©fóu)� !�½/C�éA�³U�, §
´©f³U�Ì�|¤Ü©, =©f/C³U�Ì
�Ü©. ã 7 ´���.�²þ©f³UÚ²þo
³U��ã, lãþ·��±wÑ©f³U�X
·Üü��¥�¥� Cn ©f�ó��O\Åì
O\, ÙÓNXo³U� 17%—35%.

ã 7 ��.�³U (—¥ —) Ú©f³U (— •—)

�ïÄ©f³U3wÄL§¥�/Cé�N
��Þ5U�K�, ·�é©f�n�³U�Cz
?1
©Û (Xã 8). ã 8 ´��.3wÄL§¥
��� U!�³UÚ�¡�³U� RSMD ã,
lã¥·��±wÑ, �� UÚ�U�Cz�
�,  l�©O��
 200 Ú 170 kJ/mol, �¡�
Uk 33 kJ/mol �m, ù`²©f³UÌ�5gu�
ó©f��� Úó��, ©fó�^=Ké
©fU�K���. lã 8 ��, ù 6 «�.�n
«³U�Cz��, ù`²�X�.�ÿÀ(��
Cz, NXE�±�é�½5. Ó�, ·�dã 7
��. ©fNX�o³Uþé�, Ñ3 47000 kJ/mol
±þ, �. D $���
 101600 kJ/mol, NX©
f��� U!�³UÚ�¡�³U�Cz�
éuo³U5`�~é�, �Ò´`©f�/CU

�Cz�éu�N³U5`�é��, �=é�Þ
K�é�. ©z [29] é�5/C¢�ïÄ�L²,
%��ó©fäk���¼�þ, éA
���
�Þå. ·�@��Þå�Ì�5g�SÚ�m�
�§���^Ú��u�^, 3�Y�UþÅnï
Ä¥, ·�òéd?1��\Ú�[�ïÄ.

ã 8 ��.��� U (— •—), �³U (—¥ —) Ú�
¡�³U (—N —) � RSMD

4 ( Ø

æ^©fÄåÆ�{�[
n�� Cn/C18 ·
Ü�·ÜXÚ�B��Þ1�. (JL²: 3wÄ
L§¥, �X|¤·Ü�¥�ØÓ©fó��Åì
~�, �.SÜ�©f$Äì�§Ýü$, (��
½5O\, }�Ø���Åì~�, dX C18 ©
f�©f��Ør}�Ø��. ü�·Ü�S©f
m/¤����é©få�
�å��^, �ØÓ
©fó����, ����å�^�r, ��½
5�Ð, ��é(��½5å�
é���^.
�,3�*¥��ÞÅn�÷*��ÞÚdwÅ
nØÓ, �dwÔ�(�9L¡�²w�Äé�Þ
ké��K�, L¡(��Ø½5���^å�
Cz��, ù�éA
����Þå, �©f3w
ÄL§¥�/C³Ué�Þå�z��. ·�@�,
3wÄL§¥��ÞåÌ�5g©f�m��§
���^Ú�ÄÄì�·>�^, ·��Yó�ò
UYéd?1ïÄ, ±Ï��\
)�ÞL§¥�
�ÞÅn.
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Abstract
Molecular dynamics simulation is used to study the friction of mixed Langmuir-Blodgett film composed of hydrocarboxylic

acid (CnH2n+1COOH, n = 12, 13, 14, 15, 16, 17) and the C17H31COOH, in order to investigate the influence of the structure on

friction. The results show that the restiction of long chain molecules by the neighbor molecules increases and the monolayers become

more steady as n increases, while the shear pressure between the monolayers decreases and reaches a minimum when n = 17. The

hydrogen-bond formed in the mixed monolayers is the main reason why the monolayers become more steady, espatially ,the hydrogen-

bonds are most steady when n = 16, but the monolayer composed that just of C17H31COOH molecules has the best sliding effect ;

there is no hydrogen-bond between the two monolayers. The shear pressure is hardly affected by the molecular deformation.
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