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摘要 

I 
 

摘 要 

利用单分散纳米粒子形成三维有序结构或者超晶格结构的自组装功能材料

已经成为材料研究领域中的一个重要方向。近年来，纳米粒子自组装已经从单组

元组装向双组元甚至更高组元组装发展。通过合理调控纳米粒子的化学成分、大

小和化学计量比，将不同性质的金属纳米粒子组装在一起，特别是双组元纳米粒

子超晶格(BNSLs)的研究已是当前的研究热点之一。经过组装使得纳米粒子间相

互耦合，得到不同于单种纳米材料的性能而出现更新颖的性质，从而在磁记录媒

介、发光设备、生物标记、催化、太阳能电池等领域广泛应用。 

本研究以单分散镍、银和金纳米粒子作为组装基元，对镍-银和镍-金双组元

组装两个组装体系的制备、结构以及性能进行分析研究。文中重点分析了组装过

程中的的实验影响因素、组装体微观结构以及光学特性和磁学特性。研究表明：

双组元组装体的结构与组装温度、组元间配比、蒸发溶液总浓度及蒸发溶剂有关；

不同结构的组装温度和组元间配比不同，碳支持膜和Si/SiO2基片上的蒸发溶液总

浓度分别以0.7~1 mg/mL和2~3 mg/mL为宜，而甲苯作为蒸发溶剂最佳。在一定

的实验条件下，对于镍-银组装体在碳支持膜上可以得到大面积的NaCl型、AlB2

型以及AB13型纳米粒子超晶格；但是在Si/SiO2基片上却发现超晶格点阵以NaCl

型和AB13型为主。对于镍-金组装体系在碳支持膜上可以形成大面积的AlB2型超

晶格、A2B3型和AB3型双层亚稳定结构以及小面积AB13型等有序结构。另外，组

装体的表面等离子体共振（SPR）峰的变化和体系中所含贵金属的多少以及相邻

贵金属颗粒间的间距有关；组装体继承了镍纳米粒子的磁性特征，而贵金属纳米

粒子的挤入降低了相邻镍颗粒间的磁耦合作用，使得组装体的阻隔温度（Tb）减

小。 

 

关键词：镍；银；金；自组装；超晶格；纳米粒子
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Abstract 

II 
 

Abstract 

Using monodisperse nanoparticles to form orderly three-dimensional structure or 

superlattice structure of self-assembled functional materials has become an important 

direction in the field of materials research. In recent years, the nanoparticle 

self-assembly has developed from single-component assembly to binary-component 

or multicomponent assembly. With precisely controlled chemical composition, size 

and stoichiometry, different properties of metal nanoparticles can be assembled 

together, especially the binary nanoparticle superlattices (BNSLs) have attracted great 

interest. BNSLs raise the possibility of combining the properties of individual 

components with new properties that arise from the interactions between the 

nanoparticles, and have broad applications in the fields such as magnetic recording 

media, light-emitting devices, biological tags, catalysis and solar cells, ect. 

In this thesis, we use monodisperse nickel, silver and gold nanoparticles as 

assembly unit to study the synthesis and properties of Ni-Ag and Ni-Au binary 

nanoparticle superlattices. Research results show that: The structures of 

binary-component assembly system are closely connected with various conditions 

including assembly temperature, molar ratio of two components, solution 

concentration, and types of solvent. Different structure can be gained in the specific 

temperature and proportion. When depositing on carbon films of transmission electron 

microscopy (TEM) grids, 0.7~1 mg/mL is chosen as the solution concentration, while 

on a Si/SiO2 wafer a concentration of 2~3 mg/mL is better. In both of the cases, 

toluene is the best solvent. Under certain experimental conditions, in Ni-Ag 

self-assembly experiment, we can get a large area of NaCl, AlB2 and AB13 types of 

superlattice lattices depositing on a TEM grid. But on the Si/SiO2 wafers, we mainly 

find NaCl and AB13 types of superlattice lattices. As for Ni-Au binary nanoparticle 

superlattices, large-area of AlB2 type superlattice lattices and A2B3, AB3 type bilayer 

metastable structures and a small-area AB13 type superlattice lattice can be found on 

the TEM grids. In addition, the number of noble metal nanoparticles and the distance 
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