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To make the structure-property relationship in nanostructured materials, we need to probe their crystal
structures and compositions at the atomic scale. From a single ADF-STEM image, it has been
demonstrated that one can determine the atomic column positions and count the number of atoms for
homogenous materials with high precision and accuracy [1-2]. Advanced materials usually consist of
multiple elements in a complicated structure and significant difficulties remain to disentangle the
contributions of composition and thickness in STEM. To address this challenge, we propose to combine
ADF-EDX for the quantification of multiple elements in heterogeneous systems.

Due to the dynamic nature of electron scattering, ADF and EDX have a non-linear relationship against
thickness and composition, particularly at the atomic scale in a zone orientation. However, preliminary
experiments indicate a linear dependence between EDX and ADF scattering cross-sections, which is
defined as the integration of signal intensities for each atomic column. As shown in Fig. 1, we performed
multislice frozen phonon calculations for ADF and EDX simultaneously for a pure Au crystal and confirm
such linearity of EDX against ADF with a high inner collection angle, which is a result of the incoherent
nature of both signal modes.

Because of the incoherent signal mode, we can treat dynamical scattering as a superposition of individual
atoms focussing the incident electrons. Here we expanded the so-called atomic lensing model [3]
(developed previously for ADF) to spectroscopy. For a mixed column, the ordering possibilities grow
exponentially with the thickness and types of elements thus quickly exceeding the capability of multislice
calculations due to computational cost. In contrast, the atomic lensing model allows fast generation of
EDX scattering cross-sections with the ordering of elements taken into account under the channelling
condition. As shown in Fig. 2 for a core-shell Au-Pt nanorod, scattering cross-sections extracted from the
multislice calculations agree reasonably well with the atomic lensing model predictions but are very
different from those of the linear model where the signal is assumed to scale linearly with the number of
atoms for each type. To deploy the atomic lensing model to experimental results, we can incorporate the
experimentally measured EDX partial cross-section [4], which is called partial since it includes all the
microscope-dependent factors during normalisation thus bypassing the difficult characterisation of the
EDX detector. This method allows us to explore the enormous ordering possibilities of heterogeneous
materials with multiple elements.
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Figure 1. Scattering cross-sections of ADF (with different collection angles) against EDX with linear
regression, where the coefficient of determination R2 of EDX-ADF is a measure of linear dependence
between different signal modes. The simulations were performed for a Au crystal in [001] direction with
varying thicknesses (1-25 atoms), illuminated using 300 keV electrons with a 20 mrad condenser aperture
and no lens aberrations.
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Figure 2. Comparing the simulated and predicted scattering cross-sections (SCS) of ADF and EDX for
an Au-Pt core-shell nanorod.
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