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Surface Free Energy (SFE) represents a relevant design parameter to produce materials and devices 
with finely controlled interfacial performances. The non-destructive measurement of SFE in 
nanopatterned superhydrophobic hard surfaces is a challenge in both research and industry since, in 
most cases, time-consuming contact angle measurements are not feasible. 
In this framework, a novel nanoindentation-based method has been established for the measurement 
of the pull-off adhesive forces by carefully controlling environmental and instrumentation issues, 
through the enhancement of the hardware capabilities of a commercially available nanoindenter and 
the development of a novel testing protocol, implementing adhesion-accounting contact mechanics 
models [1, 2]. 
A set of reference surfaces was selected for validation: (i) highly energetic, new, and atomically flat 
surfaces from cleavage of the silicate sheet based structure of muscovite mica; (ii) Double-Sided 
Polished germanium <100> crystals. The latter yielded the pristine substrates for the development of 
superhydrophobic surfaces, tackled via both patterning and fluorinate silane coating (silanization). 
Those processes performances were independently studied and, ultimately, their interplayed role was 
investigated on both nanopatterned and silanized germanium substrates. Contact angle 
measurements were performed on all the investigated surfaces to provide comparative results. 
The novel method is found to effectively measure SFE over five orders of magnitude, covering the 
hydrophilic to the superhydrophobic surfaces. The potential applications include fast non-destructive 
mapping of SFE values over heterogeneous surfaces with spatially controlled wettability. 
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Figure 1 . a) Contact mechanics models for the assessment of the SFE at the micro- and nano-scale. b) 

Schematic of the developed method. c) indenter displacement – time graph with the highlighted segments of 
the procedure and d) the corresponding Load On Sample – Displacement Into Surface signal. 

 


