Mechanical Properties of Ag Nanoparticle Thin Films
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Abstract: Understanding the mechanical properties of nanophase systems constituted by assembled
metallic nanoparticles (NPs) will play a key role in biotechnology [1] photocatalysis, energy harvesting
[2] and nano-opto-electronics applications. In this context NPs thin films made by Supersonic Cluster
Beam Deposition (SCBD) are emerging as a candidate for wide-spread applications because SCBD: (a)
is a high throughput technique for the synthesis of NPs thin films on virtually any substrate material; (b)
allows to tune the NPs properties/composition; (c) allows synthesizing close to ideal-NPs thin films [3,4].
This work reports on the mechanical properties of Ag NP thin films deposited by SCBD on a sapphire
substrate, the film thickness ranging between 15 and 50 nm. On the nanoscale, the samples
morphology and composition are inspected via Atomic Force Microscopy and Photoelectron
Spectroscopies. On the mesoscale the films mechanical properties are unveiled via Asynchronous
Optical Sampling (ASOPS) based ultrafast optoacoustic nanometrology [5,6], see Figure 1.

The films are composed of Ag NP — average diameter in the 6 nm range —, and inter-NPs voids, the
filling factor being 0.8. The films behave as high frequency acoustic cavities operating beyond the 100
GHz range, see Figure 2. The acoustic quality factors show a fundamental “quasi-dark” breathing mode
whereas the second mode is an acoustically “bright mode”. Rationalizing the physics in terms of an
effective homogeneous film, the film’s density and longitudinal sound velocity are found to be 80% that
of polycrystalline bulk Ag, whereas the longitudinal elastic stiffness constants amount to only 50% with
respect to the Ag bulk.

The mechanical properties here reported are of relevance in view of any application involving Ag NP
films and promote SCBD as a cheap, high throughput production technique for optoacoustic
transducers in the hypersonic frequency range.
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Fig. 1. Schematics of the time-resolved optoacoustic nanometrology Fig. 2. Fundamental (n=0) and first (n=1) NPs film acoustic
technique[S]. The red laser beam is the pump pulse launching the breathing mode oscillation period (left axis) and frequency
breathing mode in the Ag NPs thin film. The time-delayed probe (right axis) as a function of the film thickness. The full lines
laser beams detect the film’s breathing mode. The experiment is are a fit based on an effective homogenous film model
performed implementing the Asynchronous Optical Sampling based on continuum mechanics.

technique. Figure adapted from Ref.[6].



