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摘要 以纳米颗粒 TiO2 (P25) 为原料, 采用水热合成法制备了具有锐钛矿晶型的 TiO2 纳米管 (TNTs), 考察了水热反应温度和焙烧

温度对 TNTs 形貌和结构的影响. 以具有双官能团结构的有机分子 2-巯基丙酸为偶联剂, 采用原位合成和在线组装的方法将 CdS 量
子点 (QDs) 负载于 TNTs 上, 制得了 CdS/TNTs 可见光催化剂, 研究了 2-巯基丙酸浓度对 CdS 负载量和 CdS/TNTs 光催化活

性的影响. 结果表明, 在水热温度为 150 oC, 焙烧温度为 400 oC 的条件下, 可制得管径为 8~10 nm, 管壁为 2~3 nm, 管长为数

百纳米的锐钛矿型 TNTs. 经 CdS QDs 修饰后, TNTs 的吸收阈值拓展至 580 nm, 在模拟可见光照射下, CdS/TNTs 表现出优异

的光催化降解罗丹明 B 性能.
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Abstract： A typical hydrothermal synthesis was employed to prepare titania nanotubes (TNTs) with anatase 

crystal structure using P25 as a raw material. The effects of hydrothermal reaction temperature, calcination 
temperature on the morphology and crystal structure of TNTs were investigated. CdS quantum dots (QDs) formed 
in situ were assembled onto the surfaces of TNTs to form CdS/TNTs nanocomposite photocatalyst by using 
bifunctional organic linker, thiolactic acid. The effects of thiolactic acid concentration on the loading amount of 
CdS QDs and photoactivity of CdS/TNTs nanocomposite were also studied. The results indicated that when the 
hydrothermal reaction and calcination temperatures were 150 and 400 ºC, respectively, TNTs have anatase 
crystal structure with following unique properties, an average diameter of about 8–10 nm, the length of several 

hundred nanometers with uniform inner and outer diameter along the length direction, tube wall with multilayer 
structure of about 2–3 nm. After modification with CdS QDs, the absorption of CdS/TNTs nanocomposite in visible 

light area was enhanced greatly, compared with that of TNTs. The absorption edge of CdS/TNTs was extended to 
580 nm. The CdS/TNTs exhibited excellent photocatalytic performance for RhB degradation under visible light 
irradiation simulated by halogen tungsten lamp. 

Keywords： titania,   nanotube,   photocatalyst,   cadmium sulfide,   quantum dot,   rhodamine B,   2-thiolactic 

acid,   degradation     

收稿日期: 2011-12-05; 出版日期: 2012-02-24 

引用本文:   
周强, 苑宝玲, 许东兴等 .CdS/TiO2 纳米管可见光催化剂的制备、表征及光催化活性[J]  催化学报, 2012,V33(5): 850-856 

ZHOU Qiang, YUAN Bao-Ling, XU Dong-Xing etc .Synthesis, Characterization and Photocatalytic Performance of CdS/TiO2 Nanotube 
photocatalyst[J]  Chinese Journal of Catalysis, 2012,V33(5): 850-856 

链接本文:  

http://www.chxb.cn/CN/10.3724/SP.J.1088.2012.11214     或     http://www.chxb.cn/CN/Y2012/V33/I5/850

[1] 向全军, 余家国. 催化学报 (Xiang Q J, Yu J G. Chin J Catal), 2011, 32: 525  

[2] Li Q, Guo B D, Yu J G, Ran J R, Zhang B H, Yan H J, Gong J R. J Am Chem Soc, 2011, 133: 10878  

[3] Ines B, Bostjan J, Manca L, Dejan C, Danilo S. Nanotech-nology, 2011, 22: 085705 

[4] 温艳媛, 丁旵明. 催化学报 (Wen Y Y, Ding H M. Chin J Catal), 2011, 32: 36  

[5] Paulose M, Shankar K, Varghese O K, Mor G K, Grimes C A. J Phys D, 2006, 39: 2498  

[6] Dibbell R S, Youker D G, Watson D F. J Phys Chem C, 2009, 113: 18643  

[7] Jang J S, Choi S H, Kim D H, Jang J W, Lee K S, Lee J S. J Phys Chem C, 2009, 113: 8990  



[8] Li C L, Yuan J A, Han B Y, Jiang L, Shangguan W F. Int J Hydrogen Energy, 2010, 35: 7073  

[9] Robel I, Subramanian V, Kuno M, Kamat P V. J Am Chem Soc, 2006, 128: 2385  

[10] Ivan M-S, Sixto G, Thomas M, Francisco F-S, Tenesa L-V, Roberto G, Juan B. Nanotechnology, 2008, 19: 424007  

[11] Ratanatawanate C, Tao Y, Balkus K J. J Phys Chem C, 2009, 113: 10755  

[12] Kongkanand A, Tvrdy K, Takechi K, Kuno M, Kamat P V. J Am Chem Soc, 2008, 130: 4007  

[13] Jang J S, Ji S M, Bae S W, Son H C, Lee J S. J Photochem Photobiol A, 2007, 188: 112  

[14] Zhang Y J, Wu Y P, Wang Zh H, Hu Y R. Rare Metal Mater Eng, 2009, 38: 1514  

[15] Hodos M, Horvath E, Haspel H, Kukovecz A, Konya Z, Kiricsi I. Chem Phys Lett, 2004, 399: 512  

[16] Li H, Zhu B L, Feng Y F, Wang Sh R, Zhang Sh M, Huang W P. J Solid State Chem, 2007, 180: 2136  

[17] Sun W T, Yu Y, Pan H Y, Gao X F, Chen Q, Peng L M. J Am Chem Soc, 2008, 130: 1124  

[18] Seo H-K, Kim G-S, Ansari S G, Kim Y-S, Shin H-S, Shim K-H, Suh E-K. Sol Energ Mater Sol Cell, 2008, 92: 1533  

[19] Du G H, Chen Q, Che R C, Yuan Z Y, Peng L M. Appl Phys Lett, 2001, 79: 3702  

[20] Ma R Zh, Bando Y, Sasaki T. Chem Phys Lett, 2003, 380: 577  

[21] Zhang M, Jin Zh Sh, Zhang J W, Guo X Y, Yang J J, Li W, Wang X D, Zhang Zh J. J Mol Catal A, 2004, 217: 203  

[22] Khitrova V I, Bundule M F, Pinsker Z G. Kristallografiya, 1977, 22: 1253 

[23] Rodic D, Spasojevic V, Bajorek A, Onnerud P. J Magn Magn Mater, 1996, 152: 159  

[24] Liu G M, Li X Zh, Zhao J C, Horikoshi S, Hidaka H. J Mol Catal A, 2000, 153: 221  

[1] 陈孝云, 陆东芳, 林淑芳.S 掺杂 S-TiO2/SiO2 可见光响应光催化剂的制备及性能[J]. 催化学报, 2012,33(6): 993-999

[2]
廖兰, 黄彩霞, 陈劲松, 吴月婷, 韩志钟, 潘海波, 沈水发.高比表面积 CuPc/TiO2 纳米管复合材料的制备及其可见光光催化活性[J]. 催化学报, 2012,33(6): 1048-

1054

[3] 刘健, 刘, 石鑫, 杨启华.多壁碳纳米管固载金鸡纳生物碱季铵盐类手性相转移催化剂的制备及其催化烷基化反应性能[J]. 催化学报, 2012,33(5): 891-897

[4] 赵慧敏, 苏芳, 范新飞, 于洪涛, 吴 丹, 全燮.石墨烯-二氧化钛复合催化剂对光催化性能的提高[J]. 催化学报, 2012,33(5): 777-782

[5] 王卫, 陆春华, 苏明星, 倪亚茹, 许仲梓.N 掺杂富含 (001) 晶面 TiO2 纳米片的制备及 N 掺杂浓度对可见光催化活性的影响[J]. 催化学报, 2012,33(4): 629-636

[6] 杨祝红, 李力成, 王艳芳, 刘金龙, 冯新, 陆小华.磷化镍/介孔 TiO2 
催化剂的制备及其催化加氢脱硫性能[J]. 催化学报, 2012,33(3): 508-517

[7] 景明俊, 王岩, 钱俊杰, 张敏, 杨建军.水热法制备铂掺杂二氧化钛及其可见光催化性能[J]. 催化学报, 2012,33(3): 550-556

[8] 尹诗斌, 朱强强, 强颖怀, 罗林.快速功能化碳纳米管载 Pt 催化剂的醇氧化性能研究[J]. 催化学报, 2012,33(2): 290-297

[9]
黄燕, 李可心, 颜流水, 戴玉华, 黄智敏, 薛昆鹏, 郭会琴, 熊晶晶.二维六方 p6mm 有序介孔 WO3-TiO2 复合材料的制备及其可见光光催化性能[J]. 催化学报, 

2012,33(2): 308-316

[10] 李伟, 赵莹, 刘守新.以纳米微晶纤维素为模板的酸催化水解法制备球形介孔 TiO2
[J]. 催化学报, 2012,33(2): 342-347

[11] 万密密, 朱建华.沸石对亚硝胺吸附及降解的研究进展[J]. 催化学报, 2012,33(1): 60-69

[12] 汪青, 尚静, 宋寒.影响 TiO2 
纳米管光电催化还原 Cr(VI) 的因素探讨[J]. 催化学报, 2011,32(9): 1525-1530

[13] 王晟, 高艳龙, 王騊, 王栋良, 丁源维, 许学飞, 张晓龙, 江国华.紫外光还原法制备铂填充硅钛复合纳米管及其光催化性能[J]. 催化学报, 2011,32(9): 1513-1518

[14] 冯建, 熊伟, 贾云, 王金波, 刘德蓉, 陈华, 李贤均.Ru/TiO2 
催化剂上甘油氢解制 1,2-丙二醇[J]. 催化学报, 2011,32(9): 1545-1549

[15] 马鹏举, 闫国田, 钱俊杰, 张敏, 杨建军.新型 N-TiO2 
的固相法制备及其光催化性能[J]. 催化学报, 2011,32(8): 1430-1435

Copyright 2010 by 催化学报  


