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摘 要   

 I

摘 要   

 
分子传感器是“分子识别”研究在分析科学新的发展需求下的一种应用形式，

由于它在环境或生物微观系统的组织和结构探索方面的重要应用，已成为目前国

际前沿性研究的热点之一。罗丹明是一种性能优越的染料，其系列衍生物通常具

有较大的摩尔吸光系数及较高的量子产率，作为荧光标记物，在分析化学及分子

生物学领域已有广泛的应用。本文在前人工作的基础上，开展了以罗丹明 B 内

酰胺为受体的汞离子传感器的研究工作，成功地设计了一系列汞离子传感体系，

光谱特性优越，具有良好的理论价值和应用前景。论文共分五章，分别包括以下

主要内容： 

 

第一章为绪论。首先简要介绍了光学分子传感器的基本概念、研究现状和发

展趋势；接下来重点综述了汞离子光学传感器的研究现状及罗丹明内酰胺类化合

物的研究进展；最后，对这些相关研究进行分析总结，结合本实验室的条件和工

作基础，提出本论文的研究设想。 

 

第二章研究了罗丹明B内酰胺基苯基硫脲类化合物作为汞离子光学传感器

的光谱性质。我们依据汞离子诱导氨基硫脲生成噁二唑这一特异性反应，设计合

成了罗丹明B内酰胺基苯基硫脲作为纯水相传感汞离子的化学剂量计。并在此基

础上，合成了一系列衍生物，考察了它们对汞离子的传感性能。由于汞离子诱导

罗丹明B内酰胺基苯基硫脲类化合物发生了不可逆的化学反应，因此该类传感器

对汞离子具有专一性和高选择性。 

 

第三章研究了硫代罗丹明B酰肼作为汞离子光学传感器的光谱性质。该传感

器利用探针分子与汞离子的强络合作用力为识别驱动力，建立了一种纯水相汞离

子显色传感方法。研究结果表明，探针在水溶液中对汞离子体现出优异的识别专

一性，对其它金属离子几乎没有响应。基于这一事实，建立了荧光增强法测定汞

离子的方法。由于汞离子是一常见的荧光猝灭剂，因此对汞离子的荧光传感多基

于荧光猝灭原理。就实际检测而言，荧光增强法较荧光猝灭法具有更高的灵敏度。
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由于传感过程可以在较宽的pH范围和大量高浓度其它金属离子的共存下进行，具

有良好的可操作性和实用性。利用该方法传感汞离子具有较高的分析灵敏度和宽

的线性范围。 

 

第四章研究了硫代罗丹明B内酯作为汞离子和银离子分辨型光学传感器的

光谱性质。本章利用汞离子和银离子的亲硫性，设计、制备、表征了一种新型汞

离子和银离子分辨型光学传感器。该传感器具有以下特点：1）探针制备简单；2）

在水溶液体系中，对汞离子和银离子显示出良好的光谱分辨效果，而对碱金属、

碱土金属及其它过渡金属没有光谱响应；3）目标识别物种诱生的新光谱在pH从

2到7的酸度范围内稳定，为实际的分析测定应用提供了极大的方便。 

 

第五章将实验工作中失败的例子加以总结，希望对以后的科研工作者有所启

示，有所帮助。 

 

关键词：罗丹明B内酰胺化合物；汞离子；传感
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Abstract   
 

Molecular chemosensors (MCS) has emerged in the field of analytical chemistry 

as an application of molecular recognition. Research on MCS has become one of the 

current scientific fronts due to its unique importance in probing the composition and 

structure of environmental or biological microscale systems. Rhodamine-based dyes, 

known by their excellent spectroscopic properties of large molar extinction coefficient 

and high fluorescence quantum yield, have found applications in the study of complex 

biological systems as molecular probes. In this dissertation, I would develop some 

new optical chemosensors on the basis of previous work of predecessor. These 

chemosensors, in which rhodamine B spirolactams play the role as receptor for 

mercury ion, have important worth in design principle and practical application. This 

dissertation consists of five chapters summarized as follows: 

 

In chapter 1, a general introduction to optical molecular chemosensors was 

presented. Emphasis was paid on the developments of optical molecular 

chemosensors for mercury ion and the research progress on rhodamine spirolactams. 

Based on referring to the relative literatures, the objective of this dissertation was 

proposed.  

 

In chapter 2, the spectral character of rhodamine B spirolactam phenylyhiourea 

compound as optical molecular chemosensor for mercury ion was studied. The 

Hg2+-promoted reaction of thiosemicarbazide to form 1,3,4-oxadiazoles would serve 

as the foundation for a novel chemodosimeter for Hg2+ in aqueous solution. Then, the 

effect of derivatives on the sensing performance for mercury ion was investigated. 

Because the Hg2+-promoted reaction above-mentioned is nonreversible, the 

chemodosimeter possesses the specificity and high selectivity for mercury ion in 

aqueous solution. 
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In chapter 3, the spectral character of rhodamine B thiohydrazide as optical 

molecular chemosensor for mercury ion was studied. In this instance, the strong 

coordination preference between probe molecule and mercury ion was employed for 

the recognition of target analyte. A colorimetric method for mercury ion in aqueous 

solution was proposed. The experimental result indicated that the probe exhibited 

remarkable optical response to mercury ion with high selectivity from other common 

cations in aqueous solution. Based on the fact, a chelation-enhanced fluorescence 

method was proposed for the determination of mercury ion. A number of 

chemosensors for mercury ion previously reported are based on fluorescence 

quenching as mercury ion is known as a fluorescence quencher. As for practical 

detection, fluorescence enhancing method is more sensitive than fluorescence 

quenching method. As the sensing of mercury ion can be performed in aqueous 

solution over a broad pH range in the presence of coexisting common cations with 

high concentrations, the method has the merits of easy operation and applicability.  

 

 In chapter 4, the spectral character of rhodamine B dithiospirolactone as 
differential optical molecular chemosensor for the thiophilic metals such as mercury 

ion and silver ion was studied. The developed probe exhibited the following 

characteristics: first, the probe was easily synthesized; second, the probe showed 

favorable, differential spectrum responses towards Hg2+ and Ag+ in aqueous solution, 

while never showed any spectrum changes upon addiction of alkali metals, alkaline 

earth metals or other transition metals ions; third, the new absorption spectra induced 

by the target species almost did not change in the pH range from 2 to 7, which 

provides a great convenience for the practical application. 

 

In chapter 5, some unsuccessful examples in my experiments were summarized. I 

hope it would be helpful for other people who engage in the research of this field. 

 

Key words: rhodamine B spirolactams; mercury ion; sensing
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第一章  绪论：汞离子光学分子传感器的研究现状与罗丹明内酰

胺类化合物的研究进展 

 

第一节  光学分子传感器简介 

 
分子识别是超分子化学研究的重要内容之一，最早是由有机化学家和生物化

学家在分子水平上研究生物体系中的化学问题而提出的。分子识别是指不同分子

间的一种特殊的、专一的相互作用，它既满足相互作用的分子间的空间匹配要求，

也满足分子间各种次级键力的匹配，可形象地描述为锁和钥匙间的相互关系。在

超分子体系中，受体分子与底物分子遭遇时，两者相互选择、协同形成次级键；

或者受体分子按底物分子的尺寸，通过次级键构筑适合底物分子居留的孔穴结

构。因此，分子识别本质上是指主体分子（受体）对客体分子（底物）选择性结

合并产生某种特定功能的过程。分子传感器是“分子识别”研究在分析科学新的发

展需求下的一种应用形式，由于它在环境或生物微观系统的组织和结构探索方面

有着重要应用，所以具有深远的学术意义和光明的应用前景。20世纪80年代以来，

分子传感器的研究以极其迅猛的发展势头吸引了分析化学家们的注意力，相关研

究大量展开，在Nature, Science, J.Am.Chem.Soc.以及Angew.Chem.等综合类刊

物上发表的论文数不断增多，成为当今分析化学领域中最有生命力和探索空间的

研究热点之一。 

 
1.1.1 光学分子传感器的概述 

分子传感器是一类可以根据待测目标物种的存在而改变自身的某些理化性

质（如颜色、光学信号、电化学信号等），从而具有“报告”功能的分子。 

目前，光学分子传感器，包括比色分子传感器(Colorimetirc/Chromogenic 

Molecular Chemsensors)和发光分子传感器(Luminescent Molecular Chemosensors)

已成为分子传感器设计的主流。选择光学信号传感具有以下优点：首先，光信号

穿透性强而又对生命体无损伤或损伤很小；其次，光信号的导出不需要与传感器

（分子）建立电学的“接口”联系；三，光信号具有很好的空间、时间分辨性和

大的信噪比，且便于在信号“有”/“无”之间进行切换；四，光信号的检测具
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