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Measuring the mechanical behavior of individual nanoparticles inside a TEM
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The past two decades have witnessed remarkable advances in the processing and characterization of
materials with characteristic length scales in the nanometer range'?. The physical properties of
nanomaterials are strongly dependent on their size, microstructure and chemistry’. To fully utilize
the advantages offered by the size specificity and selectivity of nanomaterials, it is essential to
investigate the unique characteristics of individual nanostructures, such as nanowires or
nanoparticles with well-understood microstructures. Scanning probe microscopy techniques (STM,
AFM) have proven to be a powerful tool and a dominant approach to characterizing the properties of
individual nanostructures while transmission electron microscopy (TEM) has been traditionally
applied to separately characterizing the microstructure of nanomaterials. By incorporating the
advantages of these two kinds of instruments, we have recently developed a novel and unique in situ
TEM nano-manipulator, which for the first time enables us to manipulate and quantitatively measure
the force vs. displacement during mechanical deformation while simultaneously monitoring the
microstructural evolution of individual nanostructures.

In this work, we report the current progress in applying our unique in situ TEM nano-manipulator
(displacement resolution of <0.5nm and load resolution of <0.5 uN) for mechanical measurement of
nanocrystalline gold particles. The principle of this technique is to compress single particles between
a specially-designed silicon wedge and a Berkovich diamond tip. The deformation processes were
recorded with a TV-rate video-intensified camera and the extracted image sequence was used to
calibrate the contact area. Quite unexpectedly, the Au particles are observed to deform in a discrete
manner under the displacement control mode and the load vs time plots are at odds with typical
concepts of materials deformation. The physical mechanism that accounts for this observed
phenomenon will be discussed. In addition, internal defects, sample geometry, or sample sliding,
which may not be identified with SPM devices, are found to have important effects on the measured
materials strength. These findings suggest that in situ quantitative TEM is an irreplaceable tool for
the nanomechanical tests .
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FIG. 1. Measuring the mechanical properties of nanocrystalline Au particles with an in situ TEM
nano-manipulator. The load was performed under displacement control. a. Typical force vs
time plot of the Au particle. Note that the deformation occurred in a discrete manner. b.
Typical load vs displacement curve. Figure 1 (c to f) are images extracted from video tape
and corresponding the six load peaks shown in Fig. 1a and 1b, respectively.
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