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Fermi ��y�31Ì©Û¥�Ì�@y!8ák�A^, ,, §%¹�´LÔn5Æ!SN9ïÄ�{
��muÚïÄ. �©JÑ
�«UCM�ò�ÇïÄ Fermi ����{, T�{± Onsager >0�4znØ��
â, |^©f3M�¥� Raman Ñ�rÝ (Ñ�Xê) �M�ò�Ç�Cz5ïÄ Fermi ��5Æ. T�{Ø=U
�Ñ Fermi ���ëêm9�M�ò�Ç�m�'X, �uy
 Fermi ��V¸��é¡£Ä!�ª�Äª�
É Fermi ��N��y�, ��¡@£ Fermi ��5ÆJø
�«ïÄ�{.
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1 Ú ó

Fermi ��´©fÄì�m��ÄÍÜÚU
þ=£y� [1]. �#ïÄL²: Ø=©fS�3
X Fermi ��, �©fmdu� �õ«Ï��
�3X Fermi ��y� [2−5]. ïÄ Fermi ��Ø=
éÔnÆ¥�©f>f�!�Ä��pÍÜ�ï
Äk�nØ¿Â, 3)Ô!zÆ!á��ÆïÄ
¥�Ì�@y!8á!©f���(½9|J�
Ô���y�Ñk�A^ [6−13].

MJ�AïÄ��´�ÉIS	'5��K.

éõzÆ�A9Ôn!)ÔL§´3M�¥?1
�. M�¥©fm��p�^éM�!MJ©f�
(�!5�Ñ¬�)K�.

î8��, éM�¥� Fermi ��ïÄ®ké
õ��. ÏLC�MJ5ïÄ Fermi ��®´�«
¤Ù�ïÄ�{ [14]. ÙnØ�â´ Onsager Û�
|nØ, ©f��
Äì3ØÓMJ¥�ÄªÇu
) £, lé Fermi ���)K�. ,, M�¥
©f�p�^Ø=¬Úå©f�ÄªÇ�Cz, �

¬Úå1ÌrÝ�UC. Fini � [15] ®lnØÚ¢
�ü��¡y²3��M�¥$ò�Ç©f�,

ÄìÑ�Xê (1ÌrÝ) ¬�ÙßÝü$O
\, pò�Ç©fK��.

Fermi ��y��rf, 3ü Fermi Vé¡5
�Ó^�e, Ø�ü�k Fermi ¸U� (ª� ∆0)

k'	, ��ü¸�krÝ' (R0) ���'. �ü
¸rÝ' (R) �Cu 1 � [16], Fermi ��y��²
w, = Fermi ��ÍÜXê��. Ï, ·�ÏLU
CM�ò�Ç, ?UC Fermi ��©f1ÌrÝ
5ïÄ Fermi ��5Æ´knØ�â�.

·�é CS2 ©f3ØÓò�ÇM�¥� Fermi

��?1
ïÄ. ÏL CS2 3ØÓò�ÇMJ¥�
CzÚUC CS2 ¤3�N¥�ßÝ, éÙ� �
Ä ν1 Ú��Ä ν2 ��ª 2ν2, = ν1-2ν2 m Fermi

��?1
ïÄ. (JL², UC©f¤3M��
ò�ÇïÄ Fermi ��Ø=�±¼� Fermi ��5
Æ, �uy
Ù¦�{ØUuy� Fermi ��V¸
Øé¡£Ä9 CS2 ��ª 2ν2 �Äª ν2 �É ν1-

2ν2 Fermi ��N��y�. T�{´ïÄ Fermi �
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���«#�{.

2 C�M�ò�Ç�{ïÄ Fermi �
��nØ�â

2.1 ���kkk111ÌÌÌrrrÝÝÝ''' R0 333 Fermi ������ÍÍÍ
ÜÜÜ¥¥¥������^̂̂

Fermi ��´u)3ü�äk�Óé¡5�Ä
�m�ÍÜÚUþ=£y� [1]. Bertran lþfå
Æ�6nØÑu, í�Ñ Fermi ��A5ëê1Ì
rÝ' R, �k1ÌrÝ' R0, �kª� (�É�
6)∆0, ª� ∆ 9ÍÜXê W �m�'X [7]:

R =
{{[

∆ + (∆2 − 4W 2)1/2
]1/2

R
1/2
0

∓
[
∆ − (∆2 − 4W 2)1/2

]1/2
}

/{
∓

[
∆ + (∆2 − 4W 2)1/2

]1/2

+
[
∆ − (∆2 − 4W 2)1/2

]1/2
R

1/2
0

}−1
}2

, (1)

l

W =
[
± 2(1 + R0)(1 + R2)(1 + R)R1/2

0

±
{

4(1 + R0)2(1 + R2)2(1 − R)2R0

−
[
(1 − R0)2(1 + R2)2 + 4(1 + R)2

R0(1 + R0)2(1 − R2)2

−(1 − R2)2(1 + R2)2
]
∆

}1/2]/[
2(1 − R0)2

(1 + R2)2 + 8(1 + R)2R0

]
. (2)

d (1) Ú (2) ªØJw�, ü1Ì�krÝ
' R0 é Fermi ��k�K�. 3M�¥, �ë
� Fermi ���ü�k1ÌrÝu)Cz�, = R0

u)Cz, g,¬Úå Fermi ��A5ëê, Xü1
ÌrÝ' R, ª� ∆, ÍÜXê W �u)Cz.

2.2 MMM���òòò������êêêééé Raman ÑÑÑ���XXXêêê (111
ÌÌÌrrrÝÝÝ) ���KKK���

�â Onsager �>0�4znØ, Fini �í�
Ñ©f3XíN!M�¥� Raman Ñ�Xê�'
� [15]

Ss

Sg
=

1
ns

[
n2 + 2( n

ns

)2 + 2

]4

, (3)

ª¥ n, ns ©O�X�NÚM��ò�Ç. Ss Sg ©
O�©f3M�¥Úí�e�Ñ�Xê.

éX�N n = ns, K (3) ª�
sl

sg
=

1
n

[n2 + 2
3

]4

, (4)

s1 �X�N©fÑ�Xê. d (3) Ú (4) ª�±�
�:

ss

sl
=

n

ns

[
3( n

ns

)2 + 2

]4

. (5)

d (5) ª�±wÑ©fX�N�M�¥Ñ�X
ê (=Ñ�rÝ) ØÓ.

(1), (2), (5) ª � ± � � U C M � ò � Ç ï
Ä Fermi ���nØ�â.

3 ¢ �

· � é CS2 © f 3 Ø Ó ò � Ç M J ¥ Ú
3 C6H6 ¥ØÓò�ÇM�¥ ν1-2ν2 Fermi ��
?1
ïÄ.

ÁJ9¤ì: CS2, C6H6 ÚÙ¦MJ (©ÛX)

lzÆÁJûA	?. Raman 1Ì¤�=I)�
� Renishaw InVia .�à� Raman 1Ì¤. ¤^w
�ºÔº���ê� 20 �, ê��» 0.40, -u1
Å�� 514.5 nm, È©�m 10 s, -1õÇ 10.6 mW,

¿§ (23 ◦C) ÿþ.

3.1 CS2 ©©©fff333 9 «««ØØØÓÓÓòòò���ÇÇÇMMMJJJ¥¥¥���
¢¢¢���

ò CS2 �¯U!¯�!ZÑ!o�>ì!
�Å`�!`U!1.2 �Å¯�!nÅ`�!Då
� 9 «ØÓMJUNÈ' 1:1 ·M�4·� 30 min,

òf[+�\M�¥, ��NáN?f[+�, �
Ñf[+¿^Ë°�òÙ	L¡ÞÀ, ,�^ Ra-

man 1Ì¤ÿþ CS2 ��M�� Raman 1Ì.

3.2 CS2 ©©©fff333 C6H6 ¥¥¥ØØØÓÓÓßßßÝÝÝ (òòò���
ÇÇÇ) ��� Fermi ������¢¢¢���

Uì CS2 Ú C6H6 ü«M��ØÓNÈ'��
ò�Ç©O� 1.51, 1.53, 1.54, 1.55, 1.57, 1.58, 1.59,

1.61, 1.62 �·ÜM�. ò�Ç^ Abbe ò�¤ÿþ.

^ Raman 1Ì¤ÿþ·ÜM�� Raman 1Ì.
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4.1 CS2 ©©©fff333 9 «««ØØØÓÓÓòòò���ÇÇÇMMMJJJ¥¥¥���
¢¢¢���(((JJJ

ÿ�� CS2 3 9 «ØÓò�ÇMJ¥� Ra-

man 1ÌXã 1 ¤«. ÙÌ�� Raman Ì�k ν1

(656 cm−1), 2ν2 (796 cm−1) ©O´ CS2 �é¡�
 �ÄÚ��Ä�ª, =� CS2 Raman 1Ì¥
� Fermi ��V¸.

�âþfåÆ�6nØ, u) Fermi ���ü
�ÄU?mÍÜéAuÅ¼êm��6. Bertran

Ú Serna í�
ü�ÄU?�m�ÍÜXê W ,

��å~ê K, �Úª (�ª) �Äª�m�U?
� ∆0, u) Fermi ����üU?� ∆ ±9ü Ra-

man 1ÌrÝ' R �m��ëê'XXe [7]:

∆ = (∆2
0 + 4W 2)1/2, (6)

R =
Ia

If
=

∆ + (∆2 − 4W 2)1/2

∆ − (∆2 − 4W 2)1/2
, (7)

K = −∆
√

2R

R + 1
, (8)

(7) ª¥ Ia �u) Fermi ���Äª (#N�[)

�1ÌrÝ, If �u) Fermi ���Úª (�ª)

�1ÌrÝ. d (7) ªØJwÑ, �±�â¤ÿþ
� Raman 1Ìã�1ÌrÝ Ia Ú If ±9U?
� ∆, O�Ñü�Ä�ÍÜXê W 9��å~
ê K, �â (6) ª�O�Ñ�kªÇ� ∆0, ?
UO�Ñu) Fermi ���,����kªÇ. �
©é Fermi ��5�ëêA5'X�?Ø, ��9
u) Fermi ��Äì��kªÇ, ¿v�9Ù�k
rÝ, ,ù«?n�{Ú(J�2�@ÓÚA

^ [16]. 3 CS2 Fermi ��¥, ν1 Ú 2ν2 ªÇ�Óû
½ ∆0, =û½ W , ∆, R Ú K �A5ëê. 3ØÓ
MJ¥� Fermi ���ëê�uL 1.

ã 1 CS2 3 9 «ØÓò�ÇMJ¥� Raman 1Ì (l
þ�e: ¯U!¯�!ZÑ!o�>ì!�Å`�!`
U!1.2 �Å¯�!nÅ`�!Då)

ã 2 ÍÜXê W �MJò�Ç n �'Xã (l�
�m: ¯U!¯�!ZÑ!o�>ì!�Å`�!`
U!1.2 �Å¯�!nÅ`�!Då)

L 1 ØÓMJ¥� Fermi ���ëê

MJ ν1/cm−1 2ν2/cm−1 rÝ' R ª� ∆/cm−1 ò�Ç n ÍÜXê W/cm−1 ∆0/cm−1

¯U 655.1 799.5 11.6 144.4 1.33 39.1 121.5

¯� 655.1 799.1 11.8 144 1.35 38.6 121.6

ZÑ 655.1 798.9 12.3 143.8 1.36 37.9 122.3

o�>ì 655.1 798.1 13.4 143 1.4 36.4 123.1

�Å`� 655.1 797.9 13.9 142.8 1.42 35.8 123.6

`U 655.1 797.5 14.5 142.4 1.44 35.0 124.0

1.2 �Å¯� 655.1 797.5 14.8 142.4 1.445 34.6 124.4

nÅ`� 655.1 797.5 14.8 142.4 1.448 34.6 124.4

Då 655.1 796.3 15.6 141.2 1.51 33.6 124.2
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ã 2 �ÍÜXê W �MJò�Ç n �'Xã,

lã¥�±wÑ, ÍÜXê W �ò�Ç�O\
~�.

dL 1 Úã 2 ØJwÑ CS2 ©f3ØÓò�
ÇMJ¥Ù Fermi ���ëê'XØÓ, ÍÜXê
�ò�Ç�O\~�.

4.2 CS2 ©©©fff333 C6H6 ¥¥¥ØØØÓÓÓNNNÈÈÈ'''MMM���
òòò���ÇÇÇ��� Fermi ������¢¢¢���(((JJJ

ÿ�ØÓNÈ'M�ò�Ç� CS2 Raman 1
ÌXã 3 ¤«.

ã 3 CS2 ©f3 C6H6 ¥ØÓM�ò�Çe� Raman

1Ì (le�þò�Ç©O� 1.51, 1.53, 1.54, 1.55, 1.57,

1.58, 1.59, 1.61,1.62)

d ã 1 A ^ Bertran � § ¦ � Ø Ó ò � Ç
e CS2 � ν1-2ν2 Fermi ���A5ëêXL 2.

dL 2[17] �±wÑ, � CS2 3 C6H6 ¥�M
�ò�Ç ns ØÓ, Fermi ���A5ëêØÓ. d
ã 3 ²w*	�ü Fermi ¸¿�é¡£Ä, ν1 Ä
�ØCz, 2ν2 �M�ò�ÇØÓu)��£
Ä, Äª ν2 É ν1-2ν2 Fermi ���N�� 2ν2 Ó
�£Ä (ã 4). ùü«y�3Ù¦�{ïÄ¥ÿ

����.

ã 4 ν2 Ú 2ν2 Ó�£Ä

ã 5 Ñ�Xê
Ss

SL
(¥)!ÍÜXê W (¤) �M�ò�Ç ns

�'X

d±þ(J�±��(Ø: CS2 3ØÓò�
ÇM�¥duÑ�Xê (Ñ�rÝØÓ) Úå ν1

2ν2 Fermi ��Cz [17]. ã 5 � CS2 3 C6H6 ¥, ν1

(656 cm−1) Raman �Ñ�Xê (Ñ�rÝ) SS/SL,

ν1-2ν2 Fermi ��ÍÜXê W ��M�ò�Ç nS

�'X. ã 5 ¥ÍÜXê W �M�ò�Ç ns �'
X�ã 2 ´Ä��Ó�. = ν1-2ν2 Fermi ��ÍÜ
Xê W �M�ò��ê ns O\~�.

L 2 ØÓò�Çe CS2 � ν1-2ν2 Fermi ���A5ëê

ns 1.51 1.53 1.54 1.55 1.57 1.58 1.59 1.61 1.62

R 3.73 4.08 4.77 5.22 7.07 7.24 7.39 7.41 8.14

∆/cm−1 147.4 146.7 146.4 145 144.8 143.6 143.4 141.8 141.7

W/cm−1 60.18 55.43 55.41 53.26 47.71 46.89 45.92 45.89 44.23

K122/cm−1 85.11 78.39 78.37 75.32 67.47 66.31 64.95 64.90 62.55

ν1/cm−1 654.2 654.2 654.2 654.2 654.2 654.2 654.2 654.2 654.2

2ν2/cm−1 802.4 801.5 800.6 799.7 799.0 798.5 797.2 796.8 795.9

ν2/cm−1 399.6 399.1 398.3 397.3 396.5 396.0 395.4 395.2 394.1
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5 ( Ø

UC Fermi ��©f¤3M��ò�Ç�±
��ïÄ Fermi ����«�{. §�nØ�â
´ò�ÇØÓ�±UC Fermi ���V¸�kr

Ý'. T�{Ø=�±¼�ØÓò�ÇM�¥©f
� Fermi ���A5ëê'X, �Uuy�
 Fermi

����é¡£Ä!�ª�ÄªÉ Fermi ��N
��y�.
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Abstract

Fermi resonance (FR) plays an important role in the spectral line identification and assignment in spectral analysis. It contains a

wealth of physical laws which are urgently needed for research. In the present paper, we propose a new method of varying the refractive

index of the solution to study the FR, which is based on the model of Onsager. The basic principle of this method is to use Raman

scattering intensity (Raman scattering coefficient) changing with the refractive index of solution to study the FR. With this method

we not only can give the relationship between the FR parameters and the refractive index of solution, but also find new spectrum

phenomena (including the asymmetric shift of Fermi doublet and the FR tuned fundamental freguency of the overtone). In this article

we provide a new research method to study the FR.
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