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I 

摘  要 

在自然界中，经过长期的进化，材料具有多组元、多层次尺度结构。人类利

用人工合成的手段来构建这类材料并赋予这类材料所需的功能，这一直是一个富

有挑战性的课题。 

光子晶体是具有周期性折射率排列的材料，蛋白石和反蛋白石光子晶体作为

三维光子晶体，由于其本身结构能够与光发生相互作用，导致布拉格衍射，形成

了光子带隙。蛋白石光子晶体通过微球自组装得到微球的有序性排列，反蛋白石

光子晶体是以蛋白石光子晶体为模板得到相互贯穿的孔结构。由于光子晶体本身

的光学特性使其成为理想的构建新型化学生物传感器的材料。另一方面，金属有

机骨架材料是一种新型、制备过程简便、具有气体吸附功能的多孔性材料，金属

有机骨架材料与蛋白石和反蛋白石光子晶体结合，将光子晶体表面功能化，构建

了具有气体吸附功能的复合型材料。这种复合型材料由于金属有机骨架材料吸附

气体导致折射率发生变化，影响光子带隙中心波长。目前，这种材料仍处于初步

研究的阶段，还未得到实际应用，因此具有很大的研究价值。 

本文以光子晶体技术和金属有机骨架技术为平台，制备了六种基于金属有机

骨架材料的光子晶体传感材料。结果表明：(1)制备的蛋白石和反蛋白石光子晶

体具有较好的光学性能，与光相互作用展现出鲜明的色彩，它们的反射谱具有明

显的反射峰，表征显示光子晶体具有良好的三维有序性。(2)在蛋白石和反蛋白

石光子晶体结构表面生长金属有机骨架材料，光学和形貌表征表明了光子晶体上

附着了一层均匀致密的金属有机骨架薄膜，光子晶体与薄膜之间具有良好的结合

力，而这种复合材料仍然具有光子带隙性能。(3)设计了传感器性能的测试方案，

并探讨其可行性，为之后的工作奠定基础。 

 

关键词：光子晶体；金属有机骨架；传感
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III 

ABSTRACT 

In natural world, with the development of natural evolution, it is ubiquitous that 

materials have multicomponent and hierarchical structures. However, it is still a 

challenge to fabricate such materials with desirable functions by synthesis skills. 

Photonic crystals with ordered structures enable the intensive interactions with 

lights and exhibit photonic band gap. Opal photonic crystals are obtained by self 

assembly of microsphere, and inverted opal photonic crystals can be made from opal 

photonic crystal templating method. Their photonic characters have drawn 

considerable attentions for the development of new type chemical sensors. On the 

other hand, porous Metal Organic frameworks(MOFs) can be easily prepared and 

exhibit a series of distinct features, including a large surface area which make them 

very attractive for application of gas adsorption. Here, we proposed a strategy for 

fabricating MOFs films based on stepwise depositions of MOFs films on opal and 

inverted opal. The composite material is responsive to external stimuli due to the 

variation of effective index of the material. Now, only limited reports have been 

published to demonstrate or explore this advanced application, so it is of great value 

to study it. 

Based on photonic crystal and MOFs technique, we fabricated six kinds of 

photonic crystals sensors for gas adsorption. The presented approach indicates 

attractive features. First, the opal and inverted opal we had prepared exhibited well 

photonic characteristic and interact with lights and show multicolor. Their reflection 

spectra display obvious reflection peaks which indicated the order array of the crystals. 

Second, the MOFs films were grown uniformly and densely on the photonic crystal 

substrate, as confirmed by optic and morphology characterizations. The MOFs are of 

nice connection with photonic crystals, and the photonic crystals still maintain its 

band gap for sensing. At last, we proposed a feasible design for testing the sensors and 

laid a foundation for later work. 

 

Keywords:  Photonic Crystal; Metal Organic Frameworks(MOFs);  Sensor 
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