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Abstract

Monochromated electron energy-loss spectroscopy (EELS) imaging combined with
scanning transmission electron microscopy (STEM) has been used to map localized
surface plasmon resonances (LSPRs) in supported Au and Ag particles. Recently, 3D
imaging of LSPRs has been demonstrated by combining non-negative matrix factorization
(NMF), compressed sensing and electron tomography. Such statistical analysis methods,
based on decomposition of a dataset into a product of two matrices (factors and loading
matrices that contain the spectral signature and the weighting of the factor components,
respectively), are closely related to principal component analysis (PCA) and blind source
separation (BSS). NMF-based algorithms introduce constraints on the resulting matrices
to be positive. Spectral unmixing (SU) decomposition apply both positive and sum-to-one
constraints. Vertex component analysis (VCA), a geometric algorithm used to perform
SU, relies on the “pure pixel” hypothesis, often not satisfied for EELS datasets. A more
complicated SU-based algorithm, bayesian linear unmixing (BLU) does not need this pure
pixel requirement.

Here, we apply the following decomposition techniques: BSS, NMF using independent
component analysis and SU using VCA and BLU, to a low-loss EELS dataset acquired from
AuAg nanoboxes. We demonstrate the superiority of SU-based decomposition in terms of
its ability to recover a loading matrix. The application of SU-based algorithms to low-loss
EEL spectra opens the way to the decomposition of more complex structures, for which
the direct calculation of LSPRs cannot be achieved. Moreover, the robustness of SU-
based algorithms for extracting spectral components from large datasets without
introducing prior knowledge opens the way to the direct reconstruction of 3D information
about the LSPRs of complex structures.
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