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基于胆固醇的A(LS)2型小分子胶凝剂的设计合成及其胶凝行为研究
Design, Synthesis and Gelation Behavior Studies of Cholesteryl-based A(LS)2 Low-molecular-mass Gelators
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Abstract:  Physical gels formed with low-molecular-mass organic gelators (LMOGs) are an important field of supramolecular science. As a kind of novel self-assembled materials, they have experienced an enormous increase in interest during the last several years. Of all the LMOGs reported, cholesterol-based compounds form a versatile and well-studied class. These compounds containing aromatic rings are classified into two types: ALS and A(LS)2, where A stands for an aromatic moiety, which is connected to a steroidal (S) group through a linker (L). As compared to ALS compounds, the quantity of A(LS)2 gelators is fewer and they have been so far the subject of less investigated. A great deal of studies demonstrated that the aromatic unit A has a large impact on gelation behaviors of LMOGs and it allows a fine tuning of the molecular organizations within the self-assembled superstructures and, in turn, the self-assembly properties of the gel phase materials. Moreover, the presence of the π-delocalized unit incidentally endows the gels with electronic and optical properties, a feature that has been largely exploited for the generation of functional materials. Therefore, in the design of cholesteryl-based LMOGs, through alteration of aromatic units, it is possible to obtain many novel LMOGs with special properties and potential applications. In most of A(LS)2 gelators reported already, A units are aromatic groups with large π-conjugated systems. To the best of our knowledge, however, there has been no report on A(LS)2 gelators with a small aromatic ring, such as a benzene ring, as A unit. On the basis of above considerations, a series of dimeric cholesteryl-based A(LS)2 gelators with a benzene ring as A unit are designed and prepared for the first time by varying the linker length, substructure of the linker and the spatial positions of two linkers. These gelators display gelation properties in a variety of organic solvents that range from polar to nonpolar, protic to non-protic, and furthermore, large numbers of gelation systems formed at room temperature and some stimuli-responsive gels have been obtained. Many techniques, such as rheological methods、SEM、FT-IR、1H NMR、XRD etc., have been employed to investigate the properties of the gels and the gel formation mechanism. This thesis is mainly composed of the following six parts:
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摘要：本论文首次将单个苯环引入到A(LS)2型胆固醇类小分子有机胶凝剂结构中，通过改变胆固醇单元在苯环上的取代位置，改变连接臂的长度和次级结构，设计合成了一系列以苯环为A部分的A(LS)2型小分子有机胶凝剂。具体来讲，主要是根据连接臂的不同开展了五个部分的工作，即分别以以甘氨酸、水合肼、乙二胺、丙二胺和丁二胺为连接臂合成了五个系列的15种胆固醇类小分子胶凝剂，利用这些胶凝剂实现了对多种有机溶剂的物理胶凝化，得到了数十种室温胶凝体系和多个具有刺激响应特性的凝胶体系。特别是发现了其中一种化合物是苯和二甲苯的超级胶凝剂。成功制备了罕见的超分子凝胶薄膜。利用流变学、SEM、XRD、FT-IR、1H NMR等方法对凝胶的性质以及凝胶的形成机理进行了比较深入的研究。
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