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In recent decades, nanoscience has impacted every facet of science and technology. The requisite control
of matter at the nanoscale has come through a diverse array of synthetic protocols accompanied by ever-
improving characterization tools [1]. For example, colloidal nanomaterials can be prepared by
employing a stabilizing ligand in the synthesis sequence. These ligands, which may be small organic
molecules, ionic, or polymeric in nature, subsequently reside on the outer surface of the nanomaterial
and cannot be fully removed with standard washing protocols as they strongly interact through
physisorption and/or chemisorption forces. This ligand capping layer has a critical impact on many of
the nanomaterial’s properties, including morphology, stability, and chemical reactivity. For instance, if a
cubic nanostructure has a large ligand over-layer on its exterior, it will have a more rounded shape that
impacts its aggregation rate, which is an important factor according to DLVO theory that influences a
nanomaterial’s environmental fate [2]. Herein we investigate the effects of accelerating voltage on
directly imaging this interfacial ligand layer, which leads us to find that imaging in an ultra-low kV
regime (50 V to 1 kV) offers an ideal platform for characterizing this important aspect of colloidal
nanomaterials.

Our test materials for this study are (1) silver nanocubes stabilized with a polyvinylpyrrolidone capping
agent, which is notoriously difficult to remove [2], and (2) Fe;O4 nanoparticles stabilized with an
oleylamine/oleic acid layer [3, 4]. The as-synthesized nanomaterials were analyzed with an aberration
correct Hitachi HD2700 STEM at 200 kV, with a conventional 200 kV TEM (FEI Tecnai), a Hitachi
SU9000 1-30 kV STEM/SEM, and a Hitachi SU8230 SEM down to 50 V. Figure 1A-C presents
representative imaging of a silver nanocube under these three sets of conditions. It is immediately clear
that AC-STEM (Figure 1A), although ideal for atomic level imaging, is too powerful for resolving the
low Z-contrast polymer layer. In conventional TEM (Figure 1B), we can discern the presence of the
capping layer, albeit very faintly. It is only by imaging in the ultra-low kV regime (30 kV) that the
polymer layer, which extends ~2 nm from the surface of the cube, can be seen clearly (Figure 1C).
Recent advances in low kV imaging technology allowed us to further analyze the silver nanocube with
secondary electron (SE) and high angle backscatter electron detection (HABSE) at 1 kV (Figure 2).
Imaging in HABSE mode (Figure 2A) revealed predominantly the underlying silver nanocube, whereas
the SE imaging mode (Figure 2B) revealed predominantly the stabilizing polymer capping layer. By
overlaying these images as in Figure 2C, we can obtain a clear view of both the inorganic and organic
components that compose the entirety of this nanosystem.

In Figure 1D-F, a similar story unfolds for Fe;O4 nanoparticles. Whereas the 200 kV imaging modes do
not offer the ability to view the ligand capping layer, using 30 kV STEM, we can resolve the
oleylamine/oleic acid film that extends 1-2 nm from the surface. In this way, low kV STEM
characterization enables the ability to easily view the important interfacial ligand layer of colloidal
inorganic nanomaterials [4].
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Figure 1. Imaging of a silver nanocube (A-C) and Fe;O4 nanoparticles (D-F). Scale bar is 5 nm
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Figure 2. A silver nanocube imaged using 1 kV accelerating voltage: (A) HABSE imaging shows
predominantly the underlying silver nanocube, and (B) SE imaging reveals predominantly the stabilizing
polymer capping layer. (C) The green(SE)/purple(HABSE) colorized overlay shows a clear picture of
both the inorganic and organic components
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