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   Ionic liquids (ILs) have been studied extensively as green solvents, catalysts and electrolytes due to their unique properties. Our recent research discovered that it was mainly the Z-bond interaction in ionic liquids that determine the properties of ILs which are inherently different from the conventional molten salt and aqueous solution. Thus, understanding on the Z-bond features in ionic liquids will be helpful for the design of new ILs with specific structure and function, and then developing novel industrial reaction and separation processes taking ILs as catalysts and absorbent or solvent. 
   Focusing on the Z-bond and the relationship between IL's structure and property, the following research has been conducted. 1) The geometries, interaction energies, charge transfer and frontier MOs of ion pairs in ILs were calculated by DFT method. Due to the electrostatic coupling, the H-bond in ILs showed the co-valent feature, which we defined as Z-bond and proved using far-IR spectra. 2) Using molecular dynamic method and experimental characteristic, the ionic clusters existed in ILs at nano-level have been proved and the influences of cluster on the physicochemical of pure ILs and IL mixtures have been studied. 3) As important properties for scaling up a process, the gas bubble behavior in IL system, such as bubble size distribution, gas holdup, Sauter diameter were investigated, and then the mass transfer properties were measured and predicted. It was also found that Z-bond action and nano ionic clusters make a great contribution to the mass transfer properties in ionic liquid system. 4) The methodology of IL-based process design from molecule to system was proposed and applied to develop several novel technologies, such as cleaner process of Methyl methacrylate (MMA), production of ethylene glycol, CO2 capture, flue gas desulfuration and NH3 recovery, were developed in our group, then the main progresses were discussed in this work.
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