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^̂̂ Z- ×××£££EEEâââïïïÄÄÄ555{{{ÔÔÔóóóÜÜÜ TiO2/SiO2 kkkÅÅÅ - ÃÃÃ
ÅÅÅááá������������555áááÂÂÂAAA555*

B¡Å g°²†

( wÅ�Æ1>fõUá�:¢�¿, wÅ 315211 )

( 2012 c 1 � 13 FÂ�; 2012 c 3 � 14 FÂ�?Uv )

A^M� - v�Eâ, ¤õ/r5,10,15,20- o(4- ���Ä) 5{Ô�,� SiO2/TiO2 ÃÅv�¥, ��¤kÅ -

ÃÅEÜá�. æ^m� Z- ×£Eâ, ¦^Å� 532 nm!ó° 7ns � YAG óÀ-1�1, ÿ½
ØÓßÝ5{
Ô�,� SiO2/TiO2 v� Z- ×£�. A^ Z ×£nØé¼���?1©Û�nØ[Ü, ��EÜá����
5áÂXê. ù
��5áÂ´dá�¥5{Ô�üàN��àN���ÚáÂ¤Úå. ïÄL², �X�,ßÝ
�O�, EÜá����5áÂ²wOr. �,ßÝ� 1.11× 10−4 (A2), 1.48× 10−4 (A3) � 3.01× 10−4 mol/L (A4)

v����5áÂXê©O� 1.705 × 10−11, 1.892 × 10−11 Ú 4.854 × 10−11 m/W. ?Ø
üàN��àN�ßÝ
Czé��5áÂ�K�. �X�,ßÝ�O\, v�¥�àN�õàN¹þ�O\, ����5áÂXê�O�.

Ó�ÿ½
ÃÅá�éT1�|-1�úK�� ∼ 5 J/cm2.

'�c: M� - v�, 5{, Z- ×£, 1�Ì

PACS: 42.70.Nq, 78.66.Qn, 78.40.Me

1 Ú ó

Cc5, �XpõÇ-1ì�2�$^, r-
1é<úÚ1¯ì���³Fªî, Ïd1�Ì
Eâ�uÐäk���¿Â [1−3]. 5{´5§	�
þ�k��Ä�ÓXÔÚû)Ô�o¡, �Ù��
fþü��f�7á��=�7á5{. 5{9Ù
û)Ô3�Æ!zÆ!á�Æ!U�+�®k
éõA^ [4].

5{´�ad 4 �Dl�ÏLg`Ä�ë/
¤�äk 18 � π >f��Ý��zÜÔ. duÙ
©f(�A�, �l¥%lf�5{�þÚ\õ
U5��Ä��{?1©f�O�|C��äk
AÏ1!>5U�õUá�, ÏdÉ�<��2
�'5. Ù¥c�Ú<58�´5{���51

Æ�A. 3IS	, éÙ��5�ïÄ�õM)3
kÅM�¥?1� [5,6]. du�õkÅMJ�Ó
5!ö�L§¥�Ø�B5±9�Ué<N�ú
³Úé�¸�À/�, ÏdéÙ�2�¦^�5

�½���. r5{á�óÜ�ß²�ÃÅÀ
æ¥, ��¤kÅ - ÃÅEÜá�´ÿ°ÙA^
���¡. ù«8kÅõU©f�ÃÅÀæ5
Uu���á��"3��z�1Æì�¥��
A^ [7].

M� - v�Eâ´��kÅ - ÃÅEÜá��
k�ó²Ãã. du SiO2/TiO2 Ä��`ÉÔz5
U, ·�®¤õ/r5{Ô�,�þãÃÅ�N0
�¥, ¿^�¦-1ìïÄ
EÜá����5ò
�Ç [8]. �©A^B¦-1, ïÄEÜá�é1�
��5áÂ�1�Ì�A, ¿?Ø5{ÔüàN�
�àNé��5áÂ�K�5Æ.
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2 ¢ �

2.1 ���¬¬¬���������

¤^�¬5,10,15,20- o(4- ���Ä) 5{Ô�
(�ªXã 1 ¤«. �Äé þ�����Ä¤�
�, ��©f¤é¡(�, äkéÐ�½5, ¿�
Ú\��Äó�±¦5{3Y¥�M)5��O
\, Jp
3EÜá�¥��,ßÝ.� � � � � � � �� � � �� � � � ��� �� �

ã 1 5,10,15,20- o(4- ���Ä) 5{Ô�zÆ(�

k ù Ú Cu(II)-TPPS-30TiO2/70SiO2 (� � '

~) E Ü Z v � � � [ � � L § � © z [10].

ã 2 ¤ « � � ¬ � ì ¡ ã, l ã ¥ � ± w Ñ
� ¬ ä k � Ð � ß L 5. 5 { Ô 3 � � v �
¥�ßÝ� 8.32 × 105 mol/L, 1.11 × 104 mol/L,

1.48 × 104 mol/L Ú 3.01 × 10−4 mol/L, ©O^ A1,

A2, A3, A4 L«. L 1 �Ñ
�¬¥�Ô��¹
þ. ¼��L¡²�1w�v��¬vk?�Ú
\ó, ?1b	��áÂ1ÌÚ��5áÂ�ÿ
Á. æ^ 950 .b	 - ��.áÂ1Ì¤ÿÁØ
Ó Cu(II)-TPPS �,ßÝ�EÜZv��¬�áÂ
1Ì, ÿþ��� 300—1100 nm.

ã 2 �¬¢Ôì¡

L 1 �¬¥�Ô��¹þ/mol

�¬ �7�¯| v�¶| Ë° Y 5{Ô v��¬¥5{Ô���,ßÝ/mol·L−1

A1 1 0.42 5.71 1.53 8.16 × 10−6 8.32 × 10−5

A2 1 0.42 5.71 1.53 1.11 × 10−5 1.11 × 10−4

A3 1 0.42 5.71 1.53 1.48 × 10−5 1.48 × 10−4

A4 1 0.42 5.71 1.53 2.96 × 10−5 3.01 × 10−4

2.2 ������555áááÂÂÂ���ÿÿÿÁÁÁ

æ^ Dawa-100 . ND:YAG N Q �ª-1ì
�&ÿ1, pd�ª©Ù, Å� 532 nm, ó° 7 ns,

EªÇ 1 Hz, \��:?õÇ� 0.23× 106 W, \
�1��» 15 mm. l-1ìuÑ�1©�üå,

�å1 D1 ^5uÿUþ½5, ,�å1²�å
� 30 cm �ßº (L) à8�?\�¬ (S), Ñ�Uþ
d&ÿì D2 �Â, Xã 3 ¤«.

�â Z ×£�¢��n, 3��¬�Cqe,

m�ÿ��8�zßLÇ��±L« [9].

T (z, s = 1) =
∞∑

m=0

[−q0(Z)]m

(m + 1)3/2
(q < 1), (1)

q0(z) = βI0Leff/[1 + (z/z0)2], (2)

Leff =
[1 − e(−αL)]

α
, (3)

þª¥ α ��¬��5áÂXê, β ��¬���
5áÂXê, I0 �3¶�:?1õÇ��Ý, z ��
¬�£Ä��, z0 �û��Ý, L ��¬�¢Sþ

184213-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 184213

Ý, Leff ��¬�k�þÝ. |^ (1) ªém�� Z-

×£êâ?1[Ü, =�¦Ñ β �

T = 1 − βI0Leff

z3/2[1 + (z/z0)2]
, (4)

β = z3/2[1 − T (z = 0, s = 1)]/I0Leff . (5)

ã 3 m� Z- ×£¢��nã

3 (J�?Ø

7á5{zÜÔ3b	 - ��áÂ1«k
ü�A�áÂ�, ©O´ u 350—450 nm � B

(Soret) �Ú u 450—600 nm ��1« Q �. ù
´5{��ÝNX� π—π �[�)�, B �8á
� a1u(π)—eg(π) �[, Q �8á� a1u(π)—bg(π)

�[ [10]. duÄ� UV-Vis «�Ä�ÃáÂ, �é
�¢�¥7á5{�ÜÔ�ïÄvk��K�.

� � � � � � � � � � � � � � ������ �	
 ���� � � � �� � � � � � � �
ã 4 ØÓ Cu(II)-TPPS �,ßÝ�EÜZv��¬�á
Â1Ì

5{zÜÔ©Ñu0�¥Ì�±üàN!�
àN©f�ª�3. üN��àN�õàN3 B

�kA��áÂ¸. ã 4 � Cu(II)-TPPS �,�v
��¬� UV-Vis áÂ1Ì. ã 5 �v��¬ A1 �
áÂ1Ì9Ù Gauss [Üã, lã 5 �*	� 
u B � 408 nm ?¸®²©�� 408 nm Ú 422 nm

ü�¸, §�©O8áu5{Ô�üN��àN
�A�áÂ [11]. L²3 A1 �¬¥Ó��3üN
��àN. �X�,ßÝ�ÅÚJp, �,ßÝ©
�§ÝØäOr, L²EÜá�¥5{��àN¹
þØäJp. ��X�,ßÝl 1.48 × 10−4 O\
� 3.01 × 10−4, �àNáÂ¸?2gu)©�, ù
´du�àN���Ú, �)
5{�õàN¤Ú
å�. dd��, Cu(II)-TPPS 3Tv�NX¥��
��àN�,ßÝ� 10−4 mol/L, �?�ÚO\�
,ßÝ�, ¬Úå²w�ìà, î�3EÜá�
.Ü�*	�çÚ�®"ÛÑ.

� � � � � � � � � � � � � � � � � ������	 
��� � � � �� � � � �� � � � �
ã 5 v��¬ A1 �áÂ1Ì� Gauss [Üã

ã 6(a), (b), (c) ©O��¬ A2, A3, A4 �8�
zm� Z ×£�, î�I��¬� �, p�I
�8�zßLÇ. Ù¥�¬ A1 du�,ßÝ�$,

��5áÂ��JØ²w. lã 6 �±wÑ�X
\�1r�ØäO�8�zßLÇØä~�, 3\
�1�r�ßº�:?ÙßLÇ����, `²v
�á��3²w���5áÂ [12], ù´du5{
Ô���ÚáÂ¤� [13]. '�ã 6(a), (b), (c) �
�, �X�,ßÝ�Jp, �:?�8�zßLÇ
¥~�ª³, L²�X5{zÜÔ�,ßÝ�J
p, EÜá����5áÂ�r. d1å��Ì
���, 3\�õÇ�$�=�lßº�:?, \
�1�äk�p�ßL5. �X\�õÇ�O\,

=Øä�Cßº�:?, ßLÇ�ü$, D2 �Â
Uþ~�, L²�\�1õÇ���½�K��,

1�Ì�AÑy. �
?�Ú&Ä Cu(II)-TPPS �
,�kÅÃÅEÜá���5A5, �ØäO�
-1�ÑÑõÇ�, �¬3�:?�ßLÇâ,
ü$, ù´duÀæÄ��1����é-1�
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Ñ�¤�. ã 7(a), (b), (c), (d) �-1õÇ©OO\
� 0.3× 106, 0.41× 106, 0.52× 106 Ú 0.76× 106 W

��¬ A4 �w�ºã¡ (���ê 100 �), dw
�ºã¡�±Ä��OTv��¬édÅ�-1
��ÑK�� ∼ 5 J/cm2.
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ã 6 (a), (b), (c) �¬ A2, A3, A4 m� Z- ×£¢�(
J (lÑ:) 9nØ[Ü (¢�)

é¢�êâ?1nØ[Ü, �\ (1)—(5) ª
©O���¬ A2, A3, A4 �¬���5áÂë
ê β © O � � 
 1.705 × 10−11, 1.892 × 10−11,

4.854 × 10−11 m/W, L²��5áÂXê�X5

{�,ßÝ�O\O\. �ØÓÔ����5á
Âëêé'�uL 2, lL 2 �wÑ, dv��¬k
�r���5áÂÇ. du Cu(II)-TPPS 3v��
¬¥����,ßÝ� 10−4 mol/L, �â (5) ªÚ
��\�-1Uþ��U�¬�����5áÂ
Xê�� 10−11 m/W.� � � � � �� � �� � �

ã 7 ØÓ-1õÇ\�e�¬ A4 �w�ºã¡

L 2 ØÓá����5áÂÇ

�¬ β/10−11 m/W

MeCu[14] 0.7

TPPH[15]
2 1.83

T(4-VP)P 2.42

A2 1.705

A3 1.892

A4 4.854

ã 8 �v��¬¥ Cu(II)-TPPS üNÚ�àN
�áÂrÝ���5áÂXê�'Xã. lã 8 �
±wÑ3ßÝ$u 1.48 × 10−4 mol/L �, �¬��
�5áÂXê�O\Ø²w, d��¬¥üN�á
ÂrÝ� Cu(II)-TPPS ��,ßÝA�¥�5�O
�'X, �àN�áÂrÝ�k�½�Or; ��
,ßÝpu 1.48×10−4 �, v��¬¥üN�áÂ
rÝ¥�êP~ª�O\, L²üNßÝÅì��
�Ú, ��àN�áÂrÝOr�©²w. Ó��
�¬��,ßÝpu 1.48 × 10−4 �, �¬���
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5áÂXê¥�êªO\. �ö@�v��¬��
�5áÂXê�X Cu(II)-TPPS �,ßÝO\O
\Ì�´d�àN�/¤¤��. �pßÝ��,,

� � � � � � � � � 	 
 � � � ��� ����� � ���� ��� � ��  ! "
ã 8 Cu(II)-TPPS 3�¬¥��,ßÝ� Cu(II)-TPPS �
üN!�àNáÂrÝÚ��5áÂÇ�'X

3v����¥/¤��êþ��àN, �àN

�¹þ�O\O�
5{��þ�>f��Ý, l
\¯
>f�D4�Ý, ��5áÂXê�k
¤O�.

4 ( Ø

5 { Ô � , � SiO2/TiO2 v � á � é Å
� 532 nm! ó ° 7 ns � YAG ó À - 1 k
² w � � � 5 á Â � A, 5 { Ô � , ß Ý
� 1.11 × 10−4 mol/L A2, 1.48 × 10−4 mol/L A3

� 3.01 × 10−4 mol/L A4 v����5áÂXê
©O� 1.705 × 10−11, 1.892 × 10−11 � 4.854 ×
10−11 m/W. �X�,ßÝ�O\, v�¥�àN�
õàN¹þ�O\, ����5áÂXê�O�.

ÃÅá�éT1�|-1�úK�� ∼ 5 J/cm2.

TaEÜá�´�«äkd3¢^d��#.1
�Ìá�.
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Nonlinear absorption properties of
Cu(II)meso-tetra(4-sulfonatopheny1) porphine in

TiO2/SiO2 organic-inorganic gel using Z-scan
technique∗
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Abstract

The Cu(II)meso-tetra(4-sulfonatopheny1) porphines (Cu(II)-TPPS) with various concentrations are incorporated into TiO2/SiO2

to form organic and inorganic composite gels via sol-gel process. With a Nd:YAG laser of 532 nm wavelength and 7 ns pulse width,

the curves of Z-scan are measured under the condition of open aperture. Nonlinear absorption parameters of these materials, which are

attributed to the reverse saturation absorptions of monomer and dimer of Cu(II)-TPPS, are obtained by fitting the above curves with

Z-scan theroy. The result indicates that the nonlinear parameter of gel increases with doping concentration increasing. The nonlinear

absorption coefficients of gels in 1.11× 10−4 mol/L A2, 1.48× 10−4 mol/L A3 and 3.01× 10−4 mol/L A4 doping concentration are

1.705× 10−11, 1.892× 10−11, and 4.854× 10−11 m/W, respectively. The effects of monomer and dimer on the nonlinear parameter

are discussed. The reduction of the nonlinear parameter results from the increases of dimer and multimer as the doping concentration

increases. The damage threshold of the gel is also measured and can reach up to ∼ 5 J/cm2.

Keywords: sol-gel, porphine, Z-scan, optical limiting
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