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ÿþ
ØÓßÝnÅ`� (CHCl3) �� (C6H6) ��M�� Raman 1Ì, � C6H6 ßÝ�O\, É©f
m C/H· · ·π �p�^�K�, CHCl3 ¥ C—H �� �ÄªÇ�$Åê£Ä; � CHCl3 NÈ©ê�u 40%, C—H

�� �ÄªÇØC, ©fm C/H· · ·π �p�^���Ú. ©O± CHCl3 Ú C6H6 NÈ©ê� 70%� CHCl3-C6H6

·ÜM��ïÄé�, ÿþ
§��pØÚ$§ Raman 1Ì. �â CHCl3 ¥ C—H �� �ÄªÇ�ØrÚ§Ý�
Cz'X, �Ñ
©fm C/H· · ·π �p�^éØrÚ§Ý�6ÄLyÑØ­½5.

'�c: C/H· · ·π �p�^, Raman 1Ì, pØ, $§

PACS: 78.30.–j, 62.50.–p

1 Ú ó

©fm�f�p�^3Ôn!zÆÚ)·�
Æ�Ãõ+�Ñå��~­���^. ù«�^
k�Ú5Ú��5, �Ù�^U'zÆ�U (Ï~
3 200—600 kJ·mol−1 ��S) ��õ, 8�©f
m�f��p�^. ùa�^Ì�k��!©f
m���^ (X π—π �p�^!�N - ÉN�p
�^) �.

��´�«�~��´�­��©fmf
��p�^. �����´�©fë�/¤�
�«��f�zÆ�. ��f3�>K5é��
�f X ±�d�(Ü�Ó�, ��Ó,��>
K5���f Y /¤��f��, =��, /ª
� X—H· · ·Y . ���rÝ�CzÌÝ��, �
��3 10—50 kJ·mol−1, 'zÆ�U�, ' van de

Waals å�, äk�Ú5Ú��5 [1]. �cé�
�ïÄ+��,��¹���´f���ïÄ,

= C/H· · ·π �p�^�ïÄ, ùp� π ´äkv


>K5�%�f (#!L!��!�Z��)[2].

êxêâ¥ïÄ¥ 90%�¬N¥¹k C/H· · ·π �
p�^, T�^é¬N�­½5åX�~­���
^. C/H· · ·π �p�^éu��`kÀJ!¬Næ
È!Ì�NäÜ�^Úg|CL§�ïÄÑk­
��d� [3].

L��A�cp��
éõ'u C/H· · ·π �
p�^�nØÚ¢�ïÄ [4−6]. �Ðù	áÂÚ
Ø^��1Ìy¢
 C—H �Ú π XÚmáÚå
��3. �CAc, ÏL ab inito nØO�©Û

ØÓá�¥ C/H· · ·π �p�^, éù«f����
�ÚUþ|¤?1
�\�&? [7]. Raman 1Ì
��ÿþ©f�Ä1Ì�­�Ãã, UJø­��
©f(�&E, �U�NÑØÓ�¸e©f�m�
��Cz [8−11]. �©±Å�Ú���M���ï
Ä C/H· · ·π �p�^�é�, ©Oÿþ
·ÜM�
¥ CHCl3 � C—H ��M�NÈ'Cz�5Æ, ¿
ÏLUCØrÚ§Ý^��\ïÄ C/H· · · π �p
�^�5Æ.
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2 ¢�SN

¢ � ¤ ^ CHCl3 Ú C6H6 þ � © Û X,

U ì CHCl3 Ú C6H6 ü « M J � N È © ê
� 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,

90%Ú 100%�¤·ÜM�. Raman 1Ì¤� Ren-

ishaw inVia ., -uÅ�� 514.5 nm, -uõÇ
� 5 mW, Ôº���ê� 20 �, È©�m� 10 s,

È©gê� 1. �N�¬uf[+¥ÿþ, 1ÌÂ8
��� 100 cm−1—3200 cm−1.

pØ�¬³� Mao-Bell 7f�ØÅ (DAC), ü
7f�ÿ¡�»� 500 µm. 250 µm þ� T301 g
¡ýØ� 80 µm, ,�} 200 µm ��, òNÈ'
� 7 : 3 �·ÜM�±9ù�� (�»� 10 µm)

\\�¬³. �¬³�ØåÏLù��F1ÿ
½. Raman 1Ì¤� Renishaw inVia ., -uÅ
�� 514.5 nm, -uõÇ� 8 mW, Ôº���ê
�50 �, È©�m� 20 s, È©gê� 1. ¤kÿþ
3¿§e?1.

C§C�´ linkam THMS G600 e9�, C§
��´ –196 ◦C � 600 ◦C, °Ý 0.1 ◦C. Raman 1
Ì¤� Renishaw inVia ., -uÅ�� 514.5 nm, -
uõÇ� 8 mW, Ôº���ê� 5 �, È©�m
� 20 s, È©gê� 1.

3 (J�?Ø

3.1 ØØØÓÓÓßßßÝÝÝeee CHCl3 ��� C6H6 ������NNNXXX
��� Raman 111ÌÌÌ

ã 1 � CHCl3 3��·ÜM�¥¤ÓØÓN
È©ê�¤éA� Raman 1Ìã, ã¥ 3016 cm−1

� CHCl3 ¥ C—H �� �Ä� Raman Ì�, �±
wÑÌ�dþ�e, �X C6H6 ßÝ�O\, CHCl3
� 3016 cm−1 ¸�$Åê£Ä. ã 2 � CHCl3 ¥
� C—H � �ÄªÇ� CHCl3 NÈ©ê (CHCl3
¤ÓNÈ') Cz�'Xã. �±wÑ� CHCl3 N
È©ê�u 40%�, C—H � �ÄªÇ�NÈ©
ê�C�54~, ù´du��M�¥� π NX
ßÝ�X C6H6 �ßÝO\
O\, ?
¦ CHCl3
¥� C—H ��É©fm π NX�áÚå�^

 C �, = 3 d ß Ý � � S M � ¥ C/H· · ·π �
p � ^ � C6H6 � ß Ý O \ 
 O r. � CHCl3
NÈ©ê�u 40%�, C—H � �ÄªÇ�½

� 3010 cm−1, ù´du C/H· · ·π �p�^���
��, d� CHCl3/C6H6 éA�©fê�'� 3 : 4.

�?�Ú`², ©fm� C/H· · ·π �p�^´äk
�Ú5�.

ã 1 ØÓNÈ©ê CHCl3 � C—H � �Ä Raman 1Ì

ã 2 CHCl3 ¥ C—H � �ÄªÇ� CHCl3 NÈ©êCz�
'Xã

C � ß Ý 3 U C Raman   £ � Ó �, � é
Raman Ì � � ° k � ½ K �. X CHCl3 �
C—H � �ÄÌ��p° (FWHM) � 12 cm−1,

�X C6H6 ßÝ�O\TÌ�� FWHM �C�5
O\, � CHCl3 NÈ©ê�u 40%� (ã 3), FWHM

����� 17 cm−1, ù´du C6H6 � CHCl3 /
¤ØÓ©f'~�©fìq, ÙÌ�©fìq¥©
fê�' (C6H6/CHCl3) �ßÝ�Cz
Cz, �
�·ÜM�¥Ø
¹kÌ�'~�©fìq�	
��3Ù¦'~�ìq, ¿�ù«Ù¦'~�©f
ìq´�X C6H6 ßÝ�O\
O\�, ÏdLy
Ñ CHCl3 ¥ C—H � �Ä�°�O\. du©f
m C/H· · ·π �p�^´d'�f�ÚÑå°Ä�,

C6H6 � CHCl3 /¤�©fìq?u(ÜÚ)l�
Ä�²ï. � CHCl3 NÈ©ê�u 40%, ©fìq
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�� C/H· · ·π �p�^����, ÏdªÇÚ�°
ÑØ2�ßÝ�Cz
Cz.

ã 3 CHCl3 ¥ C—H � �Ä�°� CHCl3 NÈ©êCz�
'Xã

ã 4 (a) ØÓØre CHCl3/C6H6 ��·ÜM� Raman 1Ì
ã; (b) ØÓØre CHCl3 � Raman 1Ìã

3.2 			 ||| ��� ^̂̂ eee CHCl3-C6H6 ��� ��� NNN
XXX C/H· · · π ���ppp���^̂̂

39åÆ�Æ, Ør!§ÝÚzÆ|©´û½
á�(�Ú5U�n�ÔnÆëþ. 3NXzÆ|
©ØC�cJe, ÏLUCØrÚ§Ý, |^� 
1Ì�{�±¼�´L�©f(�Cz±9©f
m�p�^�&E.

3.2.1 pØe CHCl3-C6H6 ��NX C/H · · ·
π �p�^

Øå�±k�/¦�fmål á!��>
f�;�­UO\, ?
UCÔ��¬N(�!
>f(�Ú� (©) fm��p�^, ¦���p
Ø²ï�, /¤�#�Ô�G�. |^pØ� 1
Ì�{�±¼���M�¥©fm�p�^�&
E [12,13].

ã 5 (a) CHCl3/C6H6 ·ÜM�� (b) CHCl3 ¥ C—H � �
Ä Raman  £�ØrCz­�

·�ÀJ����Ú�©fm C/H· · ·π �
p � ^ · Ü M � � ï Ä é � (CHCl3 N È © ê
� 70%), ã 4(a) �T·ÜNX�pØ Raman 1
Ìã, �±wÑ, ·ÜM���� Raman ¸ªÇ�
Ør�O\�pÅê��£Ä. �
¼� C/H· · ·π
�p�^ÉØå�^�K�, ·�ÿþ
X CHCl3
�3ØÓØre� Raman 1Ì (ã 4(b)), CHCl3
¥ C—H � �Ä�ªÇ��Ør�O\
�p
Åê��£Ä. ã 5 �ü�NX¥ CHCl3 � C—H

� �Ä�ªÇ�Ør�Cz'X ((a) NÈ©ê
� 70%� CHCl3 ·ÜM�; (b) CHCl3), �Ør�
u 1.5 GPa, üNX¥ CHCl3 � C—H � �Äª
ÇØÓ, CHCl3 XM�� C—H � �ÄªÇ�
ØrCz��Ç� 4.2, ·ÜM��ª£ - Ør�
Ç� 4.8, �Ør�u 1.5 GPa, ü«�¬��ÇÑ

107801-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 107801

� 4.2. ù´du C/H· · ·π ´�«©fmf��p
�^, �X	.Øå|O\, �¬��Ý��O\,

�k�ù« C/H· · ·π �p�^�JØ2wyÑ5.

ã 6 (a) X CHCl3 Ú (b)CHCl3/C6H6 ·ÜM�¥ C—H � 
�Ä Raman  £�§ÝCz­�

3.2.2 $§e CHCl3-C6H6 ��NX C/H · · ·
π �p�^

§Ý´��Ô�u)�C���Ï�, �´U
C©fm�p�^�­�ëê. ã 6 � CHCl3 ÚN
È©ê� 70%� CHCl3 ·ÜM�¥ CHCl3 � C—

H � �ÄªÇ�§ÝCz�'X. �±wÑ, �§
Ý�u 210 K �, üNX� C—H � �ÄªÇÑ
�§Ý�ü$
~�; du©fm C/H· · ·π �p�

^, CHCl3-C6H6 ��NX¥ CHCl3 � C—H � 
�ÄªÇ'X CHCl3 � 2 cm−1. �§Ý�u 210 K

�, üNX� C—H � �Ä�ªÇÄ��Ó, =
3d§Ý��S C/H· · ·π �p�^LyØ²w. ù
´du CHCl3 �L:� 210 K, 3��e CHCl3
Ú C6H6 �±/¤gdG��©fìq, �3X©
fm� C/H· · ·π �p�^. �§Ý$uL:, ©f
¬N�±Ï5(�»�
©fm� C/H· · ·π �p
�^, ù�´©fmf��p�^��«Ly.

4 ( Ø

�©|^pØ!$§�  Raman 1ÌEâÚ
C�M�ßÝ��{ïÄ
 CHCl3 � C6H6 ��
M�� C/H· · ·π �p�^. �X C6H6 ßÝ�O\,

� CHCl3 � C6H6 éA�©fê�'�� 3 : 4 �,

©fm C/H· · ·π �p�^���Ú. ÏLUC	.
ØrÚ§Ý��{ïÄ©fm C/H· · ·π �p�^
�5Æ, L²©fm� C/H· · ·π �p�^é§ÝÚ
Ør6ÄLyÑØ­½5. �ïÄÏLUCßÝ!
ØrÚ§Ý�{�©fm C/H· · ·π �p�^ïÄ
Jø
g´.
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Abstract

Raman spectra of benzene and chloroform with different relative concentrations are measured. The frequencies of C—H stretching

vibration in chloroform shift to lower wave number with the increase of benzene concentration, which can be explained by C/H· · ·π
interaction. This interaction is saturated when the chloroform volume fraction is less than 40%: the frequencies of C—H stretching

vibration remain the same. Taking the chloroform volume fraction of 70% chloroform and benzene mixed solution as the research

object, the Raman spectra of binary solution and pure liquid are measured at different pressures and temperatures. According to the

relationship between pressure and temperature of the frequencies of C—H stretching vibration in chloroform, the regular pattern of

C/H· · ·π interaction is obtained.
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