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Abstract  

The scientific communities working in optics and photonics have placed massive efforts over the past couple of 

decades for developing imaging techniques capable of optical resolutions surpassing the diffraction barrier. 

Among these, scanning-probe techniques that exploit the interaction of a laser beam and a sharp tip for optically 

probing an investigated sample hold huge potential for the nanoscale characterization of advanced materials, as 

they don’t require sample labeling. Such techniques, known as Apertureless Scanning Near-Field Optical 

Microscopies (ASNOM) make possible resolutions down to 1nm, depending solely on the size of the sharp tip used 

for scanning, independent of the illumination wavelength (visible, IR, ThZ regimes). Considering the valuable 

contrast mechanisms of ASNOM techniques,  and their capability for label-free imaging at nanoscale, it is expected 

that they will play a crucial role in the coming years for advancing our current understanding of the structural, 

chemical and optical features of advanced materials and biological samples. However, at this time the penetration of 

ASNOM modalities in the above-mentioned domains is still biased by data interpretation, which is not always 

straightforward. To alleviate this problem, we have recently developed a multimodal imaging system capable to 

collect optical data sets on overlapping field-of-views by several ASNOM and far-field Laser Scanning 

Microscopy (LSM) techniques. The contrast mechanisms of the incorporated imaging techniques provide 

complementary information, which plays an important role in facilitating ASNOM nanoscale data understanding 

and interpretation [1,2]. In this talk I will mainly focus on the most notorious ASNOM technique (included in this 

multimodal setup), known as scattering-type Scanning Near-Field Optical Microscopy (s-SNOM). I will discuss 

its underlying concepts and showcase a series of results collected in our lab on biological specimens and advanced 

nanostructured materials in both correlative and single-technique assays. The capabilities of s-SNOM to extract 

information over the real-part and imaginary-part of the dielectric function at spatial resolutions beyond the 

diffraction barrier [3,4,5] will be highlighted, and augmentation of s-SNOM data analysis by exploiting phasor 

space representations will also be addressed [6]. Finally, I will share a series of perspectives for extending this 

architecture with additional work modes, along with related forthcoming applications.  
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