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两种新型芴类衍生物的三光子吸收特性研究
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摘要： 为了研究分子结构对三光子吸收的影响，合成了两种新型芴类衍生物，分别是2，7-二（2-4（甲氧基苯

基）乙炔基）-9，9-二辛基-9H-芴（A）和2-溴-7-（2-（4-甲氧基苯基）乙炔基）-9，9-二辛基-9H-芴（B），采

用1064nm的Nd∶YAG激光器测试其三光子吸收截面的方法，得到了它们的三光子吸收截面分别高达（6.03±

0.6）×10-76cm6·s2/photon2和（4.25±0.4）×10-76cm6·s2/photon2的结果，在高斯03软件下，用密度
泛函方法对这两个分子进行了结构优化，并用含时密度泛函理论计算了它们的激发态能量和电子轨道。结果表明，

分子内电荷转移方向对三光子吸收存在影响。
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Three-photon absorption characteristics in two novel fluorine-based derivatives
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Abstract: In order to study effect of molecular structure on three-photon absorption(3PA) 
characteristics, two novel fluorene-based derivatives: 2, 7-bis(2-(4-methoxyphenyl)ethynyl)-9,9-dioctyl-
9H-fluorene(A) and 2-bromo-7-(2-(4-methoxyphenyl)ethynyl)-9,9-dioctyl-9H-fluorene(B) were 
synthesized. The 3PA cross-sections of both the compounds were tested by using a Q-switched Nd:YAG 

laser at 1064nm. The 3PA cross-sections were obtained, i.e., (6.03±0.6)×10-76  cm6·s2/photon2  and 
(4.25±0.4)×10-76cm6·s2/photon2respectively. The geometries in the ground states and electronic 
structures of both the compounds were investigated by density functional theory methods and time-
dependent density functional theory methods of Gaussian 03, and the impact on the three-photon 
absorption characteristics was analyzed.

Keywords: nonlinear optics   three-photon absorption section   optical limiting   fluorine-based 
derivatives   

收稿日期 2013-04-09 修回日期 2013-05-05 网络版发布日期 2014-01-06 

DOI: 10.7510/jgjs.issn.1001-3806.2014.02.013

基金项目: 

国家自然科学基金资助项目（11004048；61177004） 

通讯作者: 黄明举

作者简介: 陈浩毅（1987- ），男，硕士研究生，现从事非线性光学方面的研究。 

作者Email: hmingju@163.com 

参考文献：

[1] WANG I, BOURIAU M, BALDECK P L, et al. Three-dimensional microfabrication by two-photon-
initiated polymerization with a low-cost microlaser [J]. Optics Letters, 2002, 27(15):1348-1350.
[2] MAITI S, SHEAR J B, WILLIAMS R M, et al. Measuring serotonin distribution in live cells with three-
photon excitation [J]. Science, 1997, 275(5299): 530-532.
[3] FENG X J, WU P L, LI K F, et al. Highly efficient multiphoton-absorbing quadrupolar oligomers for 
frequency upconversion [J]. Chemistry (Weinheim An Der Bergstrasse, Germany), 2011, 17(8): 2518-
2526.



[4] PRASAD P N. Emerging opportunities at the interface of photonics, nanotechnology and biotechnology 
[J]. Molecular Crystals and Liquid Crystals, 2006, 446(1): 1-10.
[5] WANG D Y, ZHAN C L, CHEN Y, et al. Large optical power limiting induced by three-photon absorption 
of two stilbazolium-like dyes [J]. Chemical Physics Letters, 2003, 369(5): 621-626.
[6] COHANOSCHI I, ECHEVERRIA L, HERNANDEZ F E. Three-photon absorption measurements in 
hematoporphyrin Ⅸ: ground-breaking opportunities in deep photodynamic therapy [J]. Chemical Physics 

Letters, 2006, 419(1/3):33-36.
[7] SINGH S, BRADLEY L T. Three-photon absorption in napthalene crystals by laser excitation [J]. 
Physical Review Letters, 1964, 12(22): 612-614.
[8] NGUEFACK J F, BOLITT V, SINOU D. An efficient palladium-catalysed coupling of terminal alkynes 
with aryl halides under jeffery's conditions [J]. Tetrahedron Letters, 1996, 37(31): 5527-5530.
[9] LIU J H, LI G F, WANG Y X. Impact of electron acceptor on three-photon absorption cross-section of 
the fluorene derivatives [J]. The Journal of Physical Chemistry,2012,A116(28):7445-7451.
[10] LIU J H, WANG Y X. Three-photon-absorption-induced optical stabilization effects in a 
bifluorenylidene derivative [J]. Optical Express, 2012, 20(13): 14596-14603.

[11] ÖSTERMAN T, PERSSON P. Excited state potential energy surfaces of bistridentate Ru
Ⅱ

 complexes-
A TD-DFT study [J]. Chemical Physics, 2012, 407: 76-82.
[12] SHALABI A S, ABDEL AAL S, ASSEM M M, et al. Metallophthalocyanine and metallophthalocyanine-
fullerene complexes as potential dye sensitizers for solar cells DFT and TD-DFT calculations [J]. Organic 
Electronics, 2012, 13(10): 2063-2074.

本刊中的类似文章

1．刘春香, 励强华, 张微微, 谭鑫鑫.掺铒光子晶体光纤非线性的研究[J]. 激光技术, 2010,34(1): 53-55

2．宋艳生, 季家镕, 窦文华, 温昌礼.顺电相KTN晶体中相位栅的衍射效率分析[J]. 激光技术, 2010,34(1): 85-87

3．姜其畅, 吉选芒, 苏艳丽, 谢世杰.匹配高斯光束在双光子光折变介质中的自偏转[J]. 激光技术, 2010,34(1): 78-

80

4．冯岩, 林静, 丁迎春.聚苯胺-多壁碳纳米管掺杂聚乙烯醇的z扫描研究[J]. 激光技术, 2008,32(6): 598-600

5．吉选芒, 刘劲松.光折变屏蔽光伏亮孤子相互作用研究[J]. 激光技术, 2009,33(4): 366-368,373

6．陈海涛, 王飞, 邓涛.脉冲在非线性渐增光纤中自相似演化的研究[J]. 激光技术, 2010,34(2): 218-220,223

7．吉选芒, 姜其畅, 刘劲松.双光子光折变介质中非相干耦合屏蔽光伏孤子对[J]. 激光技术, 2010,34(2): 202-205

8．孟小波, 周骏, 任春阳, 高永锋.高阶色散对光孤子及孤子对传输的影响分析[J]. 激光技术, 2009,33(6): 638-

641

9．亓红群, 段开椋, 蒲继雄.相干组束光纤激光干涉图样分布研究[J]. 激光技术, 2009,33(2): 187-190

10．刘俊国, 吕志伟, 王雨雷.一种研究不均匀介质中激光传输的新方法[J]. 激光技术, 2008,32(4): 441-444

Copyright by 激光技术


