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摘要摘要摘要摘要： 用旋涂工艺和致孔法制备了一组聚甲基硅氧烷纳米多孔薄膜, 用红外吸收光谱(FT--IR)、热重分析(TGA)
对其进行表征, 用同步辐射光源进行小角X射线散射测试, 在掠入射模式(GISAXS)下进行微孔结构分析。结果表

明, 聚甲基硅氧烷前驱体与致孔剂具有良好的相容性; 薄膜的小角散射曲线均不遵守Porod定理、形成正偏离；所

有纳米多孔薄膜具备孔分形特征; 薄膜基体与孔结构之间存在微电子密度起伏, 且薄膜孔径小于3 nm。
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Pore Structural Analysis on Poly(Methyl)silsesquioxane Porous Thin Films by 
Synchrotron Radiation Small Angle X––––ray Scattering
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Abstract: A group of poly(methyl)silsesquioxane nanoporous thin films were prepared by pore–
generating and spin–coating processes. The nanoporous thin films were characterized using Fourier 
transform infrared spectroscopy (FT–IR) and thermogravimetric analyzer (TGA). And their scattering 

profiles and scattering intensities of the group of samples with different porosity were obtained by small 
angle X–ray scattering (SAXS) in grazing incidence (GISAXS) mode. The results show that there is a 

good compatibility between the poly(methyl)silsesquioxane precursor and porogen. The films exhibit 
pore fractal characteristics with disagreement with Porod’s law and give out positive deviation, and 
the micro–density fluctuations between film substrate and pore structure existed in the system, having 

a maximum 3 nm of pore radius for the group of poly(methyl)silsesquioxane nanoporous thin films.

Keywords: organic polymer materials   poly(methyl)silsesquioxane   grazing–incidence small angle 
x–ray scattering   nanoporous thin film, pore structure   

收稿日期收稿日期收稿日期收稿日期 2011-01-10 修回日期修回日期修回日期修回日期 2011-11-13 网网网网络络络络版版版版发发发发布日期布日期布日期布日期 2012-02-10 

DOI: 

基金基金基金基金项项项项目目目目: 

通通通通讯讯讯讯作者作者作者作者: 陈宏基

作者作者作者作者简简简简介介介介: 

通通通通讯讯讯讯作者作者作者作者E-mail: thjchen@jnu.edu.cn 

参参参参考文考文考文考文献献献献：：：：

[1] R.H.Baney, Maki Itoh, A.Sakakibara, T.Suzuki, Silsesquioxanes, Chem. Rev., 95(5), 

1409(1995) 

[2] K.Maex, M.R.Baklanov, D.Shamiryan, F.Iacopi, S.H.Brongersma, Z.S.Yanovitskaya, Low 

dielectric constant materials for microelectronics, J. Appl. Phys., 93(11), 8793(2003) 

[3] K.Xi, H.He, D.Xu, R.Ge, Z.Meng, X.Jia, X.Yu, Ultra low dielectric constant 



polysilsesquioxane films using T8(Me4NO)8 as porogen, Thin Solid Films, 518(17), 

4768(2010) 

[4] HU Yifan, ZHANG Ying, FU Danrong, The preparation and characterization of porous 

low dielectric constant oligomeric-MSSQ film, Journal of Huazhong University of Science 

and Technology (Natural Science Edition), 36(2), 104(2008) 

[5] J.R.Levine, J.B.Cohen, Y.W.Chung, P.Georgopoulos, Grazing-incidence small-angle X-

ray scattering: new tool for studying thin film growth, J. Appl. Cryst., 22(6), 528(1989) 

[6] H.J.Chen, S.Y.Li, X.J.Liu, R.P.Li, D.Smilgies, Z.H.Wu, Z.H.Li, Evaluationon pore 

structures of organosilicate thin films by grazing incidence small-angle X-ray 

scattering, J. Phys. Chem. B, 113(38), 12623(2009) 

[7] H.J.Chen, M.Fu, Core-shell-shaped organic-inorganic hybrid as pore generator for 

imprinting nanopores in organosilicate dielectric films, Macromolecules, 40(6), 2079

(2007) 

[8] C.Meng, Background correction of the SAXS intensities scattered by semicrystalline 

materials, J. Appl. Cryst., 25(5), 646(1992) 

[9] X.S.Zhang, S.M.Chen, L.H.Shi, Studies on regularity of poly phenylsilsesquioxane 

chains, Chinese Journal of Polymer Science, 5(2),162(1987) 

[10] G.Porod, Die rontgenkleinwinkelstreuung von dichtgepackten kolloiden systemen, 

Kolloid Z., 124(2), 83(1951) 

[11] LI Zhihong, ZHAO Junping, WU Dong, SUN Yuhan, WANG Jun, LIU Yi, SHENG Wenjun, 
DONG Baozhong, A positive deviation from Porod’s law in SAXS of porous ZrO2 

xerogels, Acta Chimica Sinica, 58(9), 1147(2000) 

[12] G.Walter, R.Kranold, T.Gerber, J.Baldrian, M.Steinhart, Particle size distribution from 

small-angle X-ray scattering data, J. Appl. Cryst., 18(4), 205(1985) 

[13] A.Guinier, G Fournet, Small-angle Scattering of X-rays, (New York, John Wiley and 
Sons, Ions, Inc, 1955) p.24  

[14] K.D.Keefer, D.W.Schaefer, Growth of fractally rough colloids, Phys. Rev. Lett., 56(22), 

2376(1986) 

[15] P.J.McMahon, S. D. Moss, Derivation of infinite-slit-smeared small-angle scattering from 

porous surface and porous mass fractals, J. Appl. Cryst., 32(5), 956(1999) 

本刊中的本刊中的本刊中的本刊中的类类类类似文章似文章似文章似文章

1．王丛玲 邢志敏 阎捷 李兰 赵辉鹏 查刘生.空心纳米水凝胶的葡萄糖和温度双重刺激响应性[J]. 材料研究学

报, 2012,26(1): 44-48

2．张娜 乔徽 张宝砚 孙会敏 汤龙.再生塑料的组成与热性能研究[J]. 材料研究学报, 2011,25(6): 651-655

3．高坤 罗运军 李国平 王鲁 陈人杰 李念珂.SiO2含量对氧化铁基Fe2O3--SiO2二元复合干凝胶性能的影响[J]. 

材料研究学报, 2011,25(5): 464-468
4．李明春 辛梅华 李中皇 毛扬帆.酰基侧链对O--酰化壳寡糖/聚乳酸共混膜氢键的影响[J]. 材料研究学报, 

2011,25(4): 337-341
5．刘立恒 辜敏 鲜学福 喻江涛.粘结剂对颗粒活性炭PSA分离CH4/N2性能的影响[J]. 材料研究学报, 2011,25

(3): 249-254
6．王秀梅 王琼 程振江 崔福斋.非胶原蛋白模拟多肽E8DS促进I型胶原仿生矿化[J]. 材料研究学报, 2011,25

(3): 225-230

7．赵名艳 李立华 周长忍 李贤.多级开孔壳聚糖海绵的细胞行为分析[J]. 材料研究学报, 2011,25(3): 243-248

8．金剑 王雪 肖长发.用聚合--溶解--析出法制备强疏水性聚酯[J]. 材料研究学报, 2011,25(2): 165-171

9．洪春双 李明春 辛梅华 谢峰 毛扬帆.壳聚糖固载环糊精--海藻酸钠凝胶球的制备和载药性能[J]. 材料研究学

报, 2011,25(2): 135-140

10．王征科 胡巧玲 李友良 戴卓君.微波辐射增强改性三维壳聚糖棒材[J]. 材料研究学报, 2011,25(2): 113-117

Copyright by 材料研究学报


