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The need for optical imaging beyond the diffraction barrier motivated the advent of super-resolution microscopy. Since then, the importance of optical imaging at

nanoscale has been demonstrated in a wide variety of high-impact experiments, which has drawn a major focus of attention to this family of microscopy techniques.

However, the potential of optical nanoscopy is still not fully exploited to date, mainly due to the fact that observations at nanoscopic scales many times reveal things

that are difficult to comprehend, which accentuates interpretation discrepancies between independent experiments. One way to overcome the problems connected to

such situations is to employ mature investigation techniques in cross-correlative studies aimed to facilitate the interpretation of nanoscale data collected by emerging

techniques, but such approaches are not always easy to implement. Investigating corresponding sample regions using different imaging systems often times proves to

be a cumbersome task, and identifying sample regions of interest after switching between imaging systems based on different contrast mechanisms, and working at

different scales, is usually time demanding. We present an imaging platform that alleviates such difficulties, consisting in a multimodal system capable to collect

optical data on overlapping field-of-views by several far- and near-field techniques. The contrast mechanisms of the embedded imaging techniques provide

complementary information, which plays an important role in facilitating nanoscale data understanding and interpretation. Additionally, the architecture of this system

is a flexible one, which allows future upgrades aimed at adding new work modes.

Fig. 1. Schematic diagram of the platform for micro- and nanoscale optical imaging

using complementary contrast mechanisms in development at CMMIP-UPB. In the

initial version of this multimodal system the upper module allows for imaging in three

Apertureless Scanning Near-Field Optical Microscopy (ASNOM) work-modes:

scattering Scanning Near-Field Optical Microscopy (s-SNOM), Second Harmonic

Generation Scanning Near-Field Optical Microscopy (SHG-SNOM), Fluorescence

Apertureless Scanning Near-Field Optical Microscopy (FASNOM) and in Atomic

Force Microscopy (AFM); the module for far-field imaging, at the base, allows

investigations with Confocal Laser Scanning Microscopy (CLSM), Multiphoton Laser

Scanning Microscopy (MPLSM) and with variants for pump & probe nanoscopy via

absorption [e.g. 1]. Next aim is to extend this platform so as to enable imaging in three

additional work-modes: Dual-Color Stimulated Emission Depletion Microscopy

(STED) [2], Coherent Anti-Stokes Raman Microscopy (CARS) and Fluorescence

Lifetime Imaging Microscopy (FLIM). The implementation of additional work-modes

such as Total Internal Reflection Microscopy (TIRF), Stochastic Optical

Reconstruction Microscopy (STORM) or Selective Plane Illumination Microscopy

(SPIM) is being evaluated as well.

(STED PP – STED vortex phase plate; SC– supercontinuum generation kit; PMT –

photomultiplier; DM – dichroic mirror; OBJ - objective)

(a)

Fig. 2. Physical implementation of the platform for micro- and nanoscale optical imaging using

complementary contrast mechanisms developed by CMMIP-UPB. The homebuilt ASNOM

module (in blue) is mounted on a commercial Atomic Force Microscope (Q-Scope 350, Ambios,

USA) custom modified in-house. Three fixed wavelengths used for ASNOM imaging are

provided by a laser combiner (Omicron, Germany): 395nm, 488 nm and 638nm. The far-field

imaging module in the lower part of the platform is based on a Nikon Eclipse Ti-E custom

modified in-house. Four fixed wavelengths are available for CLSM investigations:

405/488/561/640nm, and a Tsunami (Spectraphysics, USA) femtosecond laser tunable between

730-1050nm is used for MPLSM imaging and for investigations by pump & probe nanoscopy

via absorption. For this latter work-mode a supercontinuum white light laser operating in the

range of 550nm-1400nm is being as well used. Top left inset shows a 3D model of the prototype

with the transmission module detached; bottom right inset shows a rear view of the system.
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Fig. 3. Imaging via complementary contrast mechanisms. (a) CLSM,

AFM and s-SNOM investigations on a rat retina sample. Retinal

ganglion cells in green, and astrocytes (glial cells) in red; (b) AFM, s-

SNOM and wide-field microscopy investigations on the epithelium

and endothelium regions of a rabbit cornea sample (non-stained).
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