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�ïÄ	>|é�¸ÓÔÅ¦azÜÔ�©f(�!zÆ�Ú>f1Ì�)�K�, �©æ^�Ý�
¼ (DFT)B3LYP �{3 6-311++G(d,p) Ä|Y²þ`z¿O�
ØÓ	>| (0—0.025 a.u.) �^eÊÅ¦©f
�Ä�AÛ(�!>ó4ÝÚ©foUþ, 3dÄ:þ|^¹��Ý�¼ (TDDFT) 3Ó�Ä|eïÄ
ÊÅ
¦ (pentachlorophenol, PCP) �b	áÂ1Ì, ¿�©z¥�Ñ��¦�b	áÂ¸�Å�?1
'�, ��é PCP

©f�c 10 �-u��Å�Ú�frÝÉ	>|�^��K�5Æ?1
ïÄ. (JL², ©fAÛ�.�>|�
�¥yr���6'X, ©fó4Ý�X	>|�Ork~��O\, ©foUþ�X	>|�OrkO\�~
�; PCP �b	áÂ¸�é�¦Ñy
ù£, Ù-u���frÝ�X>|�Or~�!b	áÂ¸�Ñyù£.

'�c: ÊÅ¦, 	>|, DFT, TDDFT

PACS: 31.15.ee, 31.15.es, 31.15.ae, 31.15.ag

1 Ú ó

Å¦azÜÔ´�«kÓ��¸À/Ô, Ù
¥ PCP �Ó5��, Ø=�J, �´�«S©
�Z6Ô�, ®�NõI[���¸! ¬¥�
`kuÿ8I [1]. PCP �2�$^uóà�)�
¥, ~��7á�@J!ØúJ!àýÿJÚà
ÁJ�¦^. Å��f���(�¦ PCP 5�
½, 3�¸¥J±ü), é<aèxÚ)��¸�
¤î%�. Cc5, é PCP �)Ôü)Úuÿ�
ïÄÉ�<�2�À, Wu �ïÄ
Or.>|
�Ï1xzü)kÅÀ/Ô [2], �éu PCP 3	
>|e�©f(�Ú>f1Ì�nØO�8c�
����. ©f3	>|��^e¬�)Nõ#
�zÆCzÚy� [3−7], X#gdÄ��)!z
Æ����Ú#-u��Ñy� [2,4,7,8]. �©æ
^ DFT/B3LYP 3 6-311++G(d,p) Ä|Y²þ`z

ØÓ	>| (0—0.025 a.u.) �^e PCP ©f�

Ä�AÛ(�, ¿O�
Ù�A�>ó4ÝÚ©f
oUþ, ,�3Ó�Ä|�Y²þæ^ TDDFT �
{ïÄ
Ó�rÝ�	>|é©f-u��Å�
Ú�frÝ�K�, ©Û
	>|é PCP ©f(�
Ú>f1Ì�K�, �ïÄ PCP �ü)�{Jøn
Ø�â.

2 nØÚO��{

	>|�^e©fNXM�îþ H � [9]

H = H0 + Hint, (1)

Ù¥, H0 �Ã>|��M�îþ, Hint �	>
|�©fNX��p�^�M�îþ. �3ó4C
qe, 	>| F �©fNX��p�^�M�îþ
�±L«�

Hint = −µ · F, (2)

Ù¥� µ ©f>ó4Ý.
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7 (1OÒ: 22011009) ]Ï��K.
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�â Grozema �JÑ��. [10,11], 3>|�
^e�-uU Eexc �>|rÝ F!>ó4ÝÚ4
zÇ�Czþ ∆µ Ú ∆α ÷v'X

Eexc(F ) = Eexc(0) − ∆µ · F − 1
2
∆αF 2, (3)

Ù ¥ Eexc(0) � Ã > | � � - u U. � f r Ý
f1u � [12]

glf1u =
8π2mca2

0σ

3h
S = 3.03966 × 10−6σS, (4)

Ù¥�rÝ S ��fü  (e2a2
0), gl �\�Ïf,

ùp�u 1, σ L«Åê. �©é Grimme ��²�
�{\±í2, æ^ TDDFT 5°(O�-uU, ¿
3M�îþ¥V\
Ú>|�'�� [13,14].

PCP ©f�(�Xã 1 ¤«, ©f u xy ²
¡. �©Û	>|é PCP ©f(�Ú>f1Ì
�K�, �©é PCP ©f3÷ x ¶��þ\þ
�X�rÝ� 0—0.025 a.u. (0—1.28 GV/m) 	>
| (�u�Ì, �g�?Ø÷ x ¶��\	>|�
�¹, Ù¦��±�,1?Ø), æ^ B3LYP �{3
6-311++G(d,p) Ä|Y²þéÙ©fAÛ(�?1
`z [15]. 3©fO� Gaussian §S¥��u©
f�M�îþ¥\\
 Hint = −µ · F , Ù¥ µ �
©f>ó4Ý, F �	>|rÝ. 3dÄ:þæ
^ TDDFT/B3LYP/6-311++G(d,p) �{O�
	>
|é©fc 10 �-u��Å�Ú�frÝ�K�
�¹. �ÜO�3 Gaussian09 ^��¥�¤.

ã 1 Ã	>|�^�ÊÅ¦©f�(�

3 ÊÅ¦©f�Ä�AÛ(�

æ^ DFT/B3LYP �{3 6-311++G(d,p) Ä|

Y ² þ ` z 
 Ø Ó 	 > | (0—0.025 a.u.) �
^ e PCP © f � Ä � A Û ( �, � � Ù Ä �
� C1(X̃1A). `z�AÛëê!>ó4ÝÚ©
foUþ�3L 1, 2, 3 ¥. dL 1, 2 9ã 2, 3, 4

�±wÑ, AÛëê�>|rÝ���k²w�
�6'X. du PCP ´45©f, �>|O\, Ù
���Cz'�E,, �u�Ì, ·�ÀJ
Ü©
��Ú���±�Ñ. 3 0—0.025 a.u. ��S�	
>|�^e, R(3,4), R(4,5), R(1,8), R(6,7) �kO
\�~�,�q:ìO\, R(1,2), R(5,6) R(3,10),

R(4,11) �k~��O\,�q:ì~�, R(1,6) �
CzE,�Ø²w,  R(5,12) R(12,13) Ä�þv
kCz, ù
y��±^	>|�©fS>|�U
\�A5½5�)º [16]. �X	>|�Or, �E
?u'�f��ã�, >f�Û�=£¦� 3C-4C,

4C-5C, 1C-8Cl, 6C-7Cl �m�>|k~f�Or,

R(3,4), R(4,5), R(1,8), R(6,7) kO\�~�,  1C-

2C, 5C-6C, 3C-10Cl, 4C-11Cl �m�>|kOr�
~f, R(1,2), R(5,6) R(3,10), R(4,11) k~��O
\; �X	>|�?�ÚO\, >f��N=£
�¦� 3C-4C, 4C-5C, 1C-8Cl, 6C-7Cl �m�>|
½,~f, R(3,4), R(4,5), R(1,8), R(6,7) :ìO\,

 1C-2C, 5C-6C, 3C-10Cl, 4C-11Cl �m�>|½
,Or, R(1,2), R(5,6) R(3,10), R(4,11) :ì~�;

5C-120, 120-13H � m � > | A � v k É � 	
> | C z � K �, ¤ ± R(5,12), R(12,13) Ä �
þ v k C z. � � X � � � C z, � ¦ � �
� u ) 
 � A � C z [16]. © f � Ä � o U
þ � X 	 > | � O r k O \ � ~ �, X ã 5

¤ «, ~ X 3 F = 0 a.u. �, Ä � o U þ
E = −2605.64245 a.u., F = 0.005 a.u. �, Ä�oU
þ E O\� −2605.6420296 a.u., �� F = 0.02 a.u.

�, Ä�oUþ E ~��
 −2605.6691179 a.u., �
~��ª³\ì. �Ä�oUþ��, ©f�ó4
Ý´k~��O\, Xã 6 ¤«, 3F = 0 a.u. �, ©
fó4Ý µ = 1.755110−30 C·m, F = 0.0050 a.u. �,

©fó4Ý µ ~�� 1.446310−30 C·m, �� F =

0.02 a.u. �, ©fó4Ý µ O\� 8.372410−30 C·m,

� � 
 c ö � 5.7888 �. PCP © f Ä � �
© f ( � é ¡ 5 Ø � > | r Ý U C, ¤ ± E
� C1(X̃1A).
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L 1 `z�ÊÅ¦©f�Ä��� R(Å) �>|rÝ F (a.u.) �'X

F R(1,2) R(1,6) R(1,8) R(3,4) R(3,10) R(4,5) R(4,11) R(5,6) R(5,12) R(6,7) R(12,13)

0.000 1.4004 1.3968 1.7352 1.398 1.7349 1.4011 1.7347 1.3996 1.3467 1.7491 0.9679

0.005 1.3982 1.3966 1.7426 1.3993 1.7278 1.4028 1.7279 1.3983 1.3472 1.7565 0.9664

0.010 1.4064 1.3988 1.7219 1.3968 1.7509 1.3986 1.7497 1.4033 1.3457 1.7362 0.971

0.015 1.3947 1.3971 1.7599 1.4039 1.7148 1.4074 1.7155 1.3965 1.3481 1.7745 0.964

0.020 1.3939 1.3978 1.7702 1.4072 1.7089 1.41 1.7097 1.3963 1.3487 1.7856 0.9633

0.025 1.3934 1.3984 1.7813 1.4108 1.7032 1.4132 1.7043 1.3961 1.3493 1.7987 0.9623

L 2 `z�ÊÅ¦©fÄ��� A(◦) �>|rÝ F (a.u.) Cz�'X

F A(2,1,6) A(2,1,8) A(1,2,9) A(3,2,9) A(2,3,10) A(3,4,5) A(3,4,11) A(4,5,12) A(1,6,7) A(5,12,13)

0.000 119.5818 120.6178 120.081 120.3035 120.0406 120.2813 121.7146 118.352 121.5179 109.2703

0.005 119.6556 120.6093 120.1615 120.1905 120.1158 120.2281 121.7031 118.2371 121.4515 109.4599

0.010 119.3723 120.7768 119.8684 120.4965 120.0201 120.3613 121.6603 118.5722 121.575 108.8911

0.015 119.7581 120.695 120.3107 119.8942 120.3838 120.0973 121.601 117.9601 121.2541 109.8042

0.020 119.7792 120.8118 120.343 119.7492 120.6021 120.0193 121.5053 117.7906 121.0858 109.8345

0.025 119.7925 120.9638 120.3999 119.585 120.8486 119.954 121.3639 117.6837 120.9039 110.0799

L 3 Ä�oUþ E(a.u.)!ó4Ý µ(10−30 C·m) �	>| F (a.u.) Cz�'X

F 0.000 0.005 0.010 0.015 0.020 0.025

µ 1.7551 1.4463 6.2137 5.8924 8.3724 10.9779

E −2605.64245 −2605.6420296 −2605.6572315 −2605.6552689 −2605.6691179 −2605.6879963

ã 2 �� RC-C �	>|rÝCz�'X ã 3 �� RC-Cl �	>|rÝCz�'X
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ã 4 �� RC-O Ú RO-H �	>|rÝCz�'X

ã 5 ©foUþ E �	>|rÝCz�'X

ã 6 ©fó4Ý u �	>|rÝCz�'X

4 ÊÅ¦�-u�Å�±9	>|é
-u��Å�Ú�frÝ�K�

4.1 PCP ���---uuu���ÅÅÅ���

3 PCP ©fÄ�AÛ(�`zÐ�Ä:þ, æ

^ TDDFT/B3LYP/6-311++G(d,p) �{O�
 PCP

©f�b	 - �� (UV-Vis) áÂ1Ì, Xã 7 ¤
«, 3Å� 210 nm NCÑyü�ér�áÂ¸,

§ � � Å � © O � 213.22 nm, 214.22 nm, � �
r Ý © O � 0.5605, 0.5633, � � á Â X ê © O
� 46708 L·mol−1·cm−1, 46942 L·mol−1·cm−1, ·�
�±wÑ, PCP �ùü�áÂ¸©O?u E1, E2

�, §�´�G�Ý�n�¯L���.NX¥
� π → π∗ >f�[�)�. 3Å�� 272.39 nm

?�k��áÂ¸, §���rÝ� 0.0406, �
�áÂXê� 3383 L·mol−1·cm−1, §´��zÜ
Ô π → π∗ >f�[�)�, §?u B �. �¦3
Y�MJ� E1!E2 ��áÂ¸©O� 196.4 nm,

210.5 nm,  PCP � ù ü � á Â ¸ � Å � © O
� 213.22 nm, 214.22 nm, ù ´ d u Ï Ú ì −Cl

��
��þ� −H, �>fÚ��þ� π >f
/ ¤ P-π � Ý N X, ¦ � � � þ � > f � Ý C
� (Xã 9 ¤«), � π �Cf, ��þ π → π∗

�[I��Uþü$, E �áÂ¸Ñyù£. d
d��, ·�æ^ TDDFT/B3LYP/6-311++G(d,p) �
{O� PCP ©f UV-Vis áÂ1Ì�°(Ý´�
&�.

ã 7 ÊÅ¦©f�b	 — ��áÂ1Ì

4.2 			>>>|||ééé---uuu������ÅÅÅ���ÚÚÚ���fffrrrÝÝÝ���
KKK���

3 PCP ©fÄ�AÛ(�`zÐ�Ä:þ,

æ^ TDDFT/B3LYP/6-311++G(d,p) �{ïÄ
Ø
Ó	>| (0—0.025 a.u.) é PCP ©fc 10 �-
u��Å� λ!�frÝ f Ú UV-Vis áÂ1Ì
�K�, XL 4 Úã 8 ¤«, l¥·��±wÑ,

�X>|�Or, áÂ¸Ñyù£, cÙ3	>
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|O�� 0.015 a.u. �, ù£�~²w, 3	>|
� 0.025 a.u. �, áÂ¸®²£�
��«, ù´
du�vk	>|�, >f�Ì�8¥3��þ,

3>|Ó�Ú��þ�Å�fþ�>f��Ý
'��, �O\
	>|�, du	>|é©f
¥�>f�áÚ�^, ¦���þ�>f¬�>
|���� £, ��þ�>f��Ý~�, >
|�����Å�fþ�>f��Ý²wO�,

Xã 9 ¥� HOMO ¤«; Ón, 	>|�¦�©
f� LUMO ¥���þ�>f��Ý~�, �
>|Ó��Å�f�>f��ÝìO, Xã 9 ¥
� LUMO ¤«. 	>|¦>f�� £��

���� π �Cf, π → π∗ �[I��Uþü
$, >f�[�)�Å�O�, ¤±áÂ¸Ñy
ù£. ©f� HOMO Ú LUMO �>f� £y
�3	>|O�� 0.015 a.u. �®é²w, Ïd
3 0.015 a.u. ��áÂ¸�ù£y��®é²
w
.

�X	>|�Or, áÂ¸�ù£, �frÝ
ü$�~²w, cÙ3	>|Or� 0.02 a.u. �,

�frÝ®²�Cu 0(�frÝ f = 0 ��[´
B{�), ù´du	>|é>f�áÚ, ¦���
þ�>f�>|���� £, ����þ�>f
��ÝC� (Xã 9 ¤«), π → π∗ �[�>f�ê
~�, l�frÝü$.

ã 8 ÊÅ¦©f3ØÓ	>|�^e�b	 — ��á
Â1Ì

L 4 ÊÅ¦©fc 10 �-u��Å� λ (nm)!�frÝ f �>|rÝ F (a.u.) �'X

F n = 1 2 3 4 5 6 7 8 9 10

0
λ 286.51 272.39 266.58 238.32 215.04 214.22 213.22 212.62 209.10 208.37

f 0.0000 0.0406 0.0000 0.0136 0.0005 0.5633 0.5605 0.0008 0.0001 0.0006

0.005
λ 297.46 278.18 272.84 241.28 225.00 217.08 216.47 215.70 215.48 214.61

f 0.0000 0.0000 0.0356 0.0303 0.0009 0.0491 0.5183 0.0000 0.4621 0.0008

0.01
λ 306.17 285.57 273.43 241.61 231.16 227.10 220.98 220.34 217.45 216.22

f 0.0000 0.0001 0.0390 0.0228 0.0008 0.0014 0.0035 0.0018 0.4902 0.0002

0.015
λ 375.33 358.56 285.85 279.09 276.21 276.03 272.36 263.53 256.27 241.30

f 0.0000 0.0001 0.0006 0.0012 0.0155 0.0010 0.0008 0.0003 0.0886 0.0012

0.02
λ 503.23 457.92 370.74 361.85 343.90 325.61 308.28 300.54 289.83 275.19

f 0.0001 0.0001 0.0002 0.0002 0.0012 0.0003 0.0002 0.0087 0.0014 0.0000

0.025
λ 894.13 685.18 562.00 553.50 469.62 420.96 406.99 398.75 368.07 357.77

f 0.0001 0.0000 0.0001 0.0003 0.0011 0.0158 0.0024 0.0002 0.0000 0.0001
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ã 9 �¦!ÊÅ¦�Ä�±9ÊÅ¦3ØÓ	>|e�-u��©fc�;�ã, Ù¥ HOMO ��p®Óâ;�, LUMO

��$�Óâ;�

5 ( Ø

1. 	 > | � Ú \ ¦ � © f � ( � A 5 �
Ã 	 > | � k é � � Ø Ó. � © æ ^ B3LYP/6-

311++G(d,p) `z��
ØÓ	>|eÊÅ¦©
f�Ä�½�., ?Ø
©f��!��!oU
þÚ>ó4Ý��	>|�Cz�¹. (JL²,

	>|é©f�AÛ�.K�²w, ©fó4Ý�
X	>|�Ork~��O\, ©foUþ�X
	>|�OrkO\�~�.

2. æ^¹��Ý�¼ TDDFT �{ïÄ
ÊÅ
¦�b	 — ��áÂ1Ì, ¿�©z¥�Ñ��
¦�b	áÂ¸�Å�?1
'�. (JL², Ï
Úì −Cl ��
��þ� −H �, E �áÂ¸Ñy

ù£.

3. æ^¹��Ý�¼ TDDFT �{ïÄ

ØÓ	>|éÊÅ¦©f�-u�Å�Ú�f
r Ý � K �. ( J L ², � k 	 > | �, � � þ
�> f ¬ � > | � �� �   £, ¦ � � � þ �
>f��Ý~�, >fU?C�, -uC�N´
u), áÂ¸Ñy²wù£, �frÝÑyì�
eü.

nþ©Û��, 3	>|��^e, PCP ©f
�Ä�AÛ�.u)²w�Cz, ©f� UV-Vis

1Ì�áÂ¸ù£wÍ, �frÝeü²w. ùé
ïÄÊÅ¦�uÿÚü)�{Jø
�½�nØ
�â, �é�¸ÓÔÅ¦aÔ��uÿ�{Úü)
Ån�ïÄké«�^.
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Molecular structure and electronic spectrum of
pentachlorophenol in the external electric field∗
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Abstract

In order to study the influence of external electrical field on molecular structure, chemical bond and electronic spectrum of

environmental poison chlorophenol, the method B3LYP of the density functional theory (DFT) at 6-311++G(d, p) level is used to

calculate geometrical parameters, dipole moments and total energies of the ground state of pentachlorophenol molecule under different

external electric fields (from 0 to 0.025 a.u.) in this article. On this basis, the UV absorption spectra of pentachlorophenol (PCP) are

studied using the time-dependent density functional theory (TDDFT) in the same fundamental group and compared with the ultraviolet

absorption peak of phenol given in the literature. Finally, the rules of external electric field influencing wavelengths and oscillator

strengths of the first ten excited states of a PCP molecule are studied. The results show that molecular geometry is strongly dependent

on the field intensity, the molecular dipole moment is proved to be first decreasing, then increasing and the total energy first increasing

then decreasing with the increase of the field intensity. Compared with the ultraviolet absorption peak of phenol, that of PCP is red-

shifted. The oscillator strength of excited state of PCP is proved to be decreasing, and the ultraviolet absorption peak is also red-shifted

with the increase of the field intensity.
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