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We present a comprehensive study of nanophotonic materials by correlative 
electron and optical microscopy and spectroscopy. We focus on a phase-
changing material vanadium dioxide, which is relevant for active plasmonics 
and optical metasurfaces [1], and on lead-halide perovskite (CsPbBr₃) [2]. We 
performed a comprehensive analysis of a VO₂ nanoparticle and CsPbBr₃ 
nanocrystals using a combination of analytical transmission electron 
microscopy and optical methods like ellipsometry and transmission. 
  
We have explored the metal-insulator transition (MIT) in the single vanadium 
dioxide nanoparticle caused by in-situ heating and we have identified the 
dielectric and the metallic phase of the nanoparticle by imaging, diffraction, 
electron energy loss spectroscopy, and optical transmission. Our results show 
that differences in high-resolution images and diffraction patterns obtained at 
high and low temperatures confirm that MIT is related to a modification of 
the crystal lattice. In low-loss EELS, the MIT is manifested by the emergence of 
the plasmon peak in the high-temperature metallic phase. Moreover, we have 
shown that the transition can be observed directly using imaging techniques 
such as STEM-ADF and DF-TEM with no need for in-situ spectroscopy. This 
finding allowed us to study the hysteresis of the MIT in vanadium dioxide with 
a high spatial resolution. We have observed that the transition from the 
dielectric to metallic phase is smooth and spans a rather large temperature 
range while the backward transition is abrupt. 
  
Further, we analyzed CsPbBr₃ nanocrystals using correlative microscopy 
allowing the examination of structural, chemical, and optical properties from 
identical areas. Moreover, the use of 4D-STEM in a FIB/SEM allowed us to 
determine the crystallographic orientation of individual nanoparticles. Our 
results show that their stoichiometry is uniform and independent of their 
morphology. The photoluminescence peak emission energy is dependent on 
the dimensions of nanocrystals, with a blue shift up to 9 nm in wavelength 
with a decreasing size due to the confinement effect [2].  
  
To conclude, our results provide a comprehensive analysis of the MIT in the 
single vanadium dioxide nanoparticle and pave the way to phase-changing 
devices made of vanadium dioxide. Further, we have shown that our CsPbBr₃ 
nanocrystals are of high quality, exhibiting bright and size-tunable PL emission 
[3]. 
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