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PHOTOACOUSTIC INVESTIGATION OF NANOPARTICLES ULTRA-THIN FILMS

Ultrathin metal nanoparticles coatings are emerging as go-to materials in a variety of fields ranging from pathogens control to sensing. Accessing their mechanical properties is a crucial issue limiting their exploitation in real-life applications. The mechanical properties of metallic nanogranular thin films are unveiled exploiting ultrafast photoacoustic nanometrology in conjunction with bottom-up and top-down approaches based on more traditional techniques. Analytical homogenization methods are introduced, allowing to rationalize, in an easy-to-adopt scheme, both the films vibration frequencies and radiation damping. The latter yields important information on the granular films interfacial layer morphology. Building on the acquired knowledge a variety of applications are proposed, ranging from nanofluid infiltration sensing to gas-phase separation and bendable electronics.

INTRODUCTION

Nanogranular materials are investigated for applications in fields ranging from transparent conductive electronics [START_REF] Torrisi | Ag cluster beam deposition for TCO/Ag/TCO multilayer[END_REF] to pathogens control [START_REF] Cavaliere | Antimicrobial nanostructured Coatings[END_REF][START_REF] Benetti | [END_REF][START_REF] Benetti | Antimicrobial Nanostructured Coatings: A Gas Phase Deposition and Magnetron Sputtering Perspective[END_REF][START_REF] Cavaliere | Antimicrobial nanostructured Coatings[END_REF]. As for the mechanical properties, work has been done on single and diluted nanoparticles (NPs) while a lack of informations remains for NPs deposited on a substrate and forming a thin film. Control on the NP composition, NP size, film thickness and uniformity, together with non-destructive probes for mechanical nanometrology, are needed in order to obtain mechanical information on such systems. The nanometrology of NPs thin film is here addressed both via bottom-up and top-down approaches. Ultimately, a virtual NPs film scaffold is obtained, allowing to engineer, beyond a trial and error approach, several device and applications schemes. Applications in the field of nano-fluid sensing, gas-phase separation and bendable electronics are discussed.

METHODS

NP Film Synthesis and Characterization. Ag NPs films were deposited at room temperature in medium vacuum conditions (base pressure 1 × 10-6 mbar) by supersonic cluster beam deposition (SCBD). The nominal film thickness and deposition rate were measured by a quartz microbalance, while film properties where obtained ex situ by AFM, XPS, Auger Spectroscopy and XRD. The size-distribution of the nanoparticles and their kinetic energies were retrieved respectively from high resolution high angle annular dark field-scanning transmission electron microscopy (HAADF-STEM) and gas-dynamics calculations. Picosecond Acoustics. The Ag NPs films mechanical properties were investigated by means of pico-second photoacoustic, exploiting Asynchronous Optical Sampling technique. Molecular Dynamics. All of the simulations were performed with the LAMMPS package. The velocity-Verlet algorithm is used to solve the equations of motion. As for the description of the Ag-Ag interactions, a 12-6 Lennard-Jones potential was used to simulate the NPs film growth whereas an embedded atom model potential (EAM) was adopted to estimate the film elastic constant.

DISCUSSION

A virtual film model is proposed [START_REF] Benetti | Bottom-Up Mechanical Nanometrology of Granular Ag Nanoparticles Thin Films[END_REF] 10.48465/fa.2020.0178

Mesoscale Gas-Dynamics. The NPs film is inherently [START_REF] Benetti | Bottom-Up Mechanical Nanometrology of Granular Ag Nanoparticles Thin Films[END_REF] Photoacoustic Sensing of Trapped Fluids Transparent Conducting Materials

CONCLUSIONS

Ultrathin metal nanoparticles coatings are emerging as materials bearing a great potential for applications in a variety of fields. Accessing their mechanical properties is a crucial issue limiting their exploitation in real-life applications. The mechanical properties of Ag NPs films are here investigated merging a top-down and bottom-up approach based on picosecond ultrasnoics, molecular dynamics and more traditional characterization techniques. Based on the knolwedge acquired on the system mechanics, several applications are discussed. 
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 1 Figure 1. NPs film 3D voids scaffold (white), see Ref. [7].

  Figure 1. NPs film 3D voids scaffold (white), see Ref. [7].
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 2 Figure 2. Photoacoustic sensing of trap fluids: principle of operation, see Ref. [8].
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