Force microscopy combined with microbeam X-ray diffraction: probing the mechanical properties of single nanoobjects
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Probing mechanical properties of nanoparticles or of materials at the nanoscale is a great challenge in Materials Science. Their interaction with each other and with the macroscopic world involves direct contact and therefore their mechanical properties should be carefully studied. Nanoparticles exhibit a vast variety of shapes and compositions: they can be artificial such as pure carbon nanostructures, assembled nanodots (metallic, semiconducting, colloidal,...), or found in nature such as in biomaterials. Their elastic moduli are expected to cover several orders of magnitude.  For example, through use of optical methods, the Young modulus of a virus has been recently reported to be surprisingly as high as 7 GPa [Sokolov PRE 2008]. In this letter, we describe a new experimental method that quantitatively probes the mechanical response either of a single nanoobject or of a material surface at the nanoscale. It is based on the in-situ (real time) combination of a tuning fork atomic force microscope (AFM) used in oscillating contact mode and of microfocused X-ray beams recently achieved at synchrotron light sources. As a conceptual experiment we performed an in-situ observation of the elastic deformation of a single SiGe nanocrystal grown epitaxially on Si(001) and determined its Young modulus.

