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1 Ú ó

¹k π >f�ÝV��óGõLa©fïÄ,

��´�É<�'5�9��K [1−3]. ùa©f
31>ì�!B�á�ïÄ¥®²��
�
­
�¤J [4]. �,a�ÙÔ©f´�¹kA���
A� CC �ÝV��áóõLa)Ô©f [5], ,

, §Ø
äk1Ü�^, 1ü), |J�)Ôõ
U	 [6], �äk�óõL©f¤ä��1Æ!>
Æ5U, 31>ì�, Z>³, -1ì�ï�¥k
­�A^ [7,8], A�c5<�éa�ÙÔ�ïÄ�
�GÑ4��9�Úãå [9−11]. Ô��5�!õ
U�Ù©f(��Ø�©. 
§Ý!>^|!�
¼å�^��¸é©f(�ÚG�kX­��K
� [12,13]. ·�ïÄ
 β �ÙÔ�!��ù�!�
���©f�F11Ì, ¿òÙ^uOrÉ-.ù
Ñ� (SRS) ïÄ; ïÄ
§ÝéÙb	 — ��á

Â1Ì�K�; ïÄ
gu.ùÚ��.ù1Ì9
3§Ý!Øå!ØÓMJ�¸e�.ù1Ì. Ýº

a�ÙÔ���
1ÌA5, �?1
Ån©Û,

¼�
�
kd��¤J.

2 a�ÙÔ�1Ì5�

2.1 aaa���ÙÙÙÔÔÔ������VVVFFF111°°°���111ÌÌÌ

a�ÙÔ�©fäk°�F11Ì, k
a�
ÙÔ��äkõF15�, X β �ÙÔ�äkVF
11Ì (Xã 2). ·�|^a�ÙÔ�ù«°�5
�Ú§äk��n���5Xê [14], ?1
F1
OrÉ-.ùÑ�ïÄ. Ù�n´, e,«�N�
,��É- Stokes Ì�á3,/��F1Ì�S,

Ó�-u1á3F1/��áÂ�S, K/��F
1�±ÀJ5�OrT�N�ù� Stokes Ì��
rÝ, Ù¦vká3F1Ì�S���Ì��rÝ
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�é��f [15]. ·�ò β �ÙÔ�Mu CS2 ¥,

��¤ØÓßÝ�M�, ���=��1n��
á�, ?1F1OrÉ-.ùÑ�ïÄ, ��n�
(J, é�Uþ-1-uÒ¼�
Ô� SRS[16](X
ã 3). 
æ^Ûû²�/���F1Ô�ØU¼
�°� SRS [17]. a�ÙÔ��ù«°�F15�
�F1Or.ù-1ì, «f-1ï�Jø
�
«g´.

ã 1 β �ÙÔ� (a)!��� (b)!��ù� (c) �©f(�

2.2 ���§§§ÝÝÝCCCzzz������~~~bbb			 — ������áááÂÂÂ
111ÌÌÌCCCzzz

β � Ù Ô � � b 	 — � � á Â ¸ 5 
 u
Ä� (1A−

g (S0) ��$#N�-u� (1B+
u (S2))

� π → π∗ >f�[, §qd 0—0,0—1,0—2 �[
/¤n�Ì��áÂ¸ [18]. 3ØÓMJ¥, duM
J�AáÂ¸ �¬k¤ØÓ. ·�ÿ�� β �Ù
Ô�3�`Äæ¦¥ 73—25 ◦C b	 — ��áÂ
1Ì (Xã 4)[1]. dã 4 �±*	��§Ýü$, β

�ÙÔ�©f�b	 — ��áÂ1Ìu)ù£.

duáÂ1ÌÌ�´dn«�[/¤� (430 nm,

469 nm, 491 nm), ·�²©¸?n, �� 0—0,0—

1,0—2 n��[áÂ1Ì (Xã 5). ÿ�ØÓ§Ý
e� 0—0 �[¸ªÇ'X (Xã 6), �§Ýü$,

áÂ¸ù£. §Ýü$, M�©f9$Ä~f, �~
�, β �ÙÔ�©f9ÃS§Ýü$, ©f(�kS
O\. ©fªuC�Ú��, π >fl�*Ð, ©f

UYÂ  [18], b	 — ��áÂÌù£. ù�ÊÏ
©f�§ÝCz5Æ�,��.

ã 2 β �ÙÔ�Mu�1z%�VF11Ì

ã 3 0.86 mJ, 532 nm �UþÄ$13��1n¥¼��
Ô�F1Or SRS

ã 4 β �ÙÔ�M)3�`Äæ¦¥ 73—25 ◦C §Ý�
�S�b	 — �áÂ1Ì (­� a:73 ◦C, b:64 ◦C, c:55 ◦C,

d:46 ◦C, e:37◦C, f :25 ◦C)
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2.3 444������...ùùù¹¹¹555

·�ÿþ
 β �ÙÔ�, ��ù�, ����
3ØÓMJ!ØÓ§Ý!ØÓØå�^�e�.
ù1Ì, �ÿþ
äþ��ÔNS�a�ÙÔ� -β

�ÙÔ��.ù1Ì (Xã 7). 1ÌãL², a�Ù
Ô�©f�.ù¹54�, Ù¥�)é�� CC �
Äª.ùÑ��¡, prÝ� CC �ÚªÚ�ª. .
ù¹5�MJ!ßÝ!§Ý!Øå�¤?�¸

Cz. ã 8 � β �ÙÔ�3 1.2 �Å¯�¥ØÓ§
Ý�.ù1Ì.

ã 5 β �ÙÔ��n�áÂ¸

ã 6 ØÓ§Ýe 0—0 >fáÂ¸ �§Ý'X

2.3.1 ��.ùÑ��¡�M�ßÝ!§
Ý!MJ�Cz

1) ØÓM�ßÝ�a�ÙÔ�.ùÑ��¡.

· � ^ � � 1 n � { ÿ þ 
 a � Ù Ô �
3 CS2 ¥, Ø Ó ß Ý � . ù 1 Ì, A ^ Dudik

� § [19] O � 
 CC � . ù Ñ � � ¡, � ß Ý
� 10−11 mol/L �, Ù C—C � Ñ � � ¡ σR(t)

� 10−20 cm2·sr−1, ' 10−6 mol/L ßÝ��C 4

�êþ? [20], Ùê�U σR(t) = A exp
(−C

B

)
+

D C z (X ã 9), A, B, D � ~ ê, éC

¸ C� (1520 cm−1), ~ê©O� A = 3888, B =

1.9 × 10−10, D = 287, �5�'Xê R = 0.995;

é C—C � (1155cm−1), A = 1869, B = 2.0×10−9,

D = 36, R = 0.986.

ã 7 äþJ¢� β �ÙÔ�.ù1Ì

ã 8 β �ÙÔ�3 1.2 �Å¯�¥ØÓ§Ý.ù1Ì

�$ßÝe, a�ÙÔ�©fmål��, g
�©fm�p�^å~f, �ßÝUYü$, ù«
©fmå��, �p�^å4�½��, 3 CS2 ¥,

É�MJ CS2 ©f��^åþ!, ©f(�kS5
4�Jp, �)ér�f{Z>f - (f�Z�Ä,


Úå4�.ù¹5.

2) ØÓ�ÝMJ¥�.ùÑ��¡.

MJ¥�a�ÙÔ�©f¬É��«�^å,

N�Ý��MJ2Ä�, éa�ÙÔ©f�Z6
�, ¦Ù©f(�kS5Ð, k��Ý�Ý� [21],

= π >fl�*Ð, �)�r�f{Z>f - (
f�Z�Ä
¼����.ù¹5. �Ò´`M
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J�Ýéa�ÙÔ�©f.ùÑ��¡k�½K
�, �Ý��MJ¥�a�ÙÔ�©f.ùÑ��
¡�, �Ý��MJ¥.ùÑ��¡�. ·�ÿþ

oÅ¯L, �� 9 «ØÓ�ÝMJ¥� β �Ù
Ô�� CC �.ùÑ��¡ (L 1), ¼�
 CC �
.ùÑ��¡�MJ�Ý�m�éÐ��5'X
(Xã 10).

ã 9 a�ÙÔ�3 CS2 ¥, .ùÑ��¡�ßÝCz (a)

β �ÙÔ�; (b) ��ù�

3) §Ýé.ùÑ��¡�K�.

M�¥�a�ÙÔ�©fÙ9ÃS§Ý�§
Ý���'. §Ý,p©f$Ä\¯, éa�ÙÔ
�©f6ÄO\, =©f�9ÃSO\, ��, §Ý
ü$, 9ÃS~f, ©f(�kS5Or [18]. π >
fl�*Ð, π >f - (fÍÜé CC �N!\r.

.ùÑ��¡O�; CC ���O\, .ù1Ìù£;

¦� CC ����~�, .ù�°CÄ.

·�ÿþ
§Ý (73—25 ◦C) é�`Äæ¦
¥ β �ÙÔ�©f�.ùÑ��¡!�°!ª£
�K� [18]. ¢�(J´: �§Ýü$, .ùÑ��
¡O\, �°CÄ, .ù¸ù£ (Xã 11—13). Ù(
JE�ÊÏ©f�§Ý'XØÓ.

ã 10 MJ�Ý d � β �ÙÔ� CC �.ùÑ��¡ σ

�'X (a) C—C � 1155 cm−1; (b) C ¸ C� 1520 cm−1

2.3.2 prÝ� CC ��ª�Úª.ù1Ì
a�ÙÔ�k4��.ù¹5, Ø=Lyké

�� CC �ÄªÑ��¡, �LyÑkér� CC

�Úª!�ª.ù1ÌrÝ (Xã 8). ù´da�
ÙÔ�©f CC �kér� π >f - (fÍÜN!
Uå���. ·�ÿþ
 β �ÙÔ�3 1.2 �Å¯
�¥ØÓ§Ý (83—203 K) �.ù1Ì, (J´�
§Ýü$ CC �Úª, �ª.ù1ÌrÝ±é�Ì
ÝO\. CC ��Úª�1ÌrÝ Iν1+ν3 � C—C, C

¸ C�Äª1ÌrÝÚ��� [(1/2)Iν1+ν3 ] �',

�§Ýeü
�ÌÝO\ (Xã 13), �3 −190◦C

(83 K) �, '��C 0.5. ù«y��Ån·��3
ïÄ�¥.

a�ÙÔ©f�1Ì5��Ù©f(�9¤
3�¸���'. ù
5�¦Ù3)ÔÆ!Ôn
Æ!zÆ!á���ÆÑk­�A^cµ. ÙnØ
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k��\ïÄ, ÙA^k�mu.

L 1 ©fê?���ØÓMJ� CC �.ùÑ��¡

MJ �Ý /kg·m−3
σR(t)/10−23 cm2·sr−1

C—C Ç C

(1155 cm−1) (1520 cm−1)

oÅ¯L 1.6226 8.42 10.34

oÅ¯L 1.5940 7.69 9.55

nÅ`� 1.4916 7.53 9.12

�Å`� 1.3266 7.16 8.77

�1z% 1.2600 6.78 7.90

ZL� 1.0520 5.67 7.13

� 0.8800 4.58 5.98

�"� 0.7080 2.53 3.78

�¯ÄX 0.7056 2.31 3.51

ã 11 β �ÙÔ� CC �.ùÑ��¡�§Ý'X (a)

C—C � 1155 cm−1; (b) C ¸ C� 1520 cm−1

ã 12 CC ��p°�§Ý'X (a) C—C � 1155 cm−1;

(b) C ¸ C� 1520 cm−1

ã 13 β CC � . ù ¸ ª £ � § Ý ' X (a) C—C

� 1155 cm−1; (b) C ¸ C� 1520 cm−1
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ã 14 �§ÝCz� CC �Úª1ÌrÝ Iν1+ν3 � CC

� (C—C, C ¸ C) Äª1ÌrÝ� [(1/2)Iν1+ν3 ] �'

3 ( Ø

a�ÙÔ�´�«¹ π >f�ÝV��áó
õLa)Ô©f. Ù©f1ÌA:´: k°�F1,

n���5Xê�, k4�.ù¹5, CC �Äª.
ùÑ��¡�, Úª, �ªrÝp. 	�¸é1ÌK
�é�, §Ýü$, >fUYÂ , b	 — ��á
Â1Ìù£, .ùÑ��¡O\¿�Ì�CÄ!ù
£. a�ÙÔ©f�ù
A5Ø=A^3)ÔÆ
�¥, 
�31>ì��ï�¥�k­���)Ô
ÆA^.
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Abstract

Carotenoid is a short-chain polyene biomolecule of 9 CC conjugate double-bonds. Due to its special structure carotenoid is used

not only in photoprotection and anti-cancer, but also in molecule wires, light switch, and light filter. In this paper molecule spectra of

carotenoid are studied. The carotenoid has the broadband fluorescence, the broadband stimulated Raman scattering is obtained when

the fluorescence of carotenoid is used to enhance stimulated Raman scattering. Electron energy gap of carotenoid becomes narrow

with temperature decreasing, and absorption spectra are red-shifted. These characteristics can make the carotenoid a high-quality

semiconductor component. Raman active is intensive and the 3rd order optical nonlinear coefficient is large. The Raman scattering

cross section of CC bond is about 10 orders of magnitude larger than that of common molecule. The Raman scattering intensity of

overtone is intensive: the ratio of overtone to basic frequency is around 0.5 at low temperature. These spectrum characteristics of

carotenoid are significant for studying polyene molecule structure, property and non-biology domain.

Keywords: carotenoid, Raman spectrum, UV-VIS absorption spectrum
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