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 Abstract 

Advanced materials research opens the door for many life-changing developments. Materials 

characterization plays an important and essential role in this research. Many of advanced 

characterization techniques, methods, and instruments have been developed in helping to understand 

structural, chemical, and functional properties of materials. Synchrotron radiation is an accelerator-

based light source with extreme brightness and unique properties. Synchrotron radiation-based X-ray 

techniques pushes the boundaries and limits of the techniques to be much more sensitive, rapid, and 

with much higher spatial resolution. This enables the researches and applications which are generally 

not possible in the regular laboratories, such as diffraction microscopy/imaging techniques. Modern 

development of X-ray optics, detectors, and instrumental control mechanism has improved the 

detection sensitivity and speed greatly, which makes in-situ and operando materials characterization 

possible, i.e., measuring in real time, real location, real environment, and under real condition. This 

presentation will briefly discuss advanced synchrotron materials characterization techniques, 

including the techniques of X-Ray absorption spectroscopy, X-ray fluorescence spectroscopy/ 

microscopy, X-ray diffraction/microscopy, in micro-, meso- and macro-scale. The applications of 

these techniques in advanced materials characterization will be showcased, including green energy 

materials, battery materials, catalytic materials for water-splitting and CO2 capture, environmental 

materials for sustainability, biomaterials, and engineering materials [1-5]. A few examples of in-situ 

and operando characterization will be discussed in more details: (1) bulk-sensitive imaging of twin 

domains in LSCO under stress [1], using X-ray Laue diffraction; (2) operando tracking of solution 

phase concentration profiles in Li-ion battery positive electrodes [2],  using X-ray fluorescence 

spectroscopy; (3) catalysis in reaction – CO selectivity for electrochemical CO2 reduction [3], using 

X-ray absorption spectroscopy; (4) phase change of halide solid-state electrolytes under normal 

environment (moisture instability) [4], using X-ray diffraction.   
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