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Atmospheric dust particles have complex morphologies as observed in scanning electron microscopy
(SEM) images. Yet, despite their non-spherical shape and the growing evidence of shape-related
uncertainty, these particles are commonly treated as spheres or spheroids in aerosol radiative forcing
models and aerosol optical remote sensing applications [1,2]. Dust particles are known to have a strong
influence on Earth’s radiative balance. However, the extent to which they cool or warm the Earth’s
atmosphere remains largely uncertain [3]. Aerosol optical properties influence such cooling or warming
behavior to a large extent, which depends on particle morphology, composition, size, and other factors.
Our work aims to improve current understanding of aerosol optical properties by using high-resolution
information on the shapes, volumes and surface roughness of ambient dust particles as obtained from
focused ion-beam (FIB) SEM tomography, as well as elemental composition from energy-dispersive x-
ray spectroscopy (EDS).

This study uses FIB-SEM (FEI Nova NanoLab 600 DualBeam) [4] equipped with a gallium ion source,
Schottky field-emission gun, and Oxford silicon drift detector to perform serial sectioning and elemental
mapping of individual ambient dust particles collected from urban and Asian sources. The complex three-
dimensional (3D) structures of the particles were generated by stacking the FIB-SEM images of each slice
and doing image segmentation with FEI Avizo 7.1 Software. EDS elemental maps were used to identify
different chemical phases and assign a complex refractive index to each material. Figure 1 shows an
example of how different datasets were combined to generate the 3D model of the particles. The main
benefit of applying FIB-SEM tomography to atmospheric particles is that the 3D models depict the
particles’ exact size, shape, and surface roughness, which are key in understanding their optical properties.
To calculate particle optical properties, the coordinates of the cubic voxels that comprise the 3D
reconstructions were exported from Avizo and then imported into a discrete dipole approximation (DDA)
code (DDSCAT ver 7.3) [5]. DDA is open-source software that calculates scattering and absorption of
electromagnetic waves by targets with arbitrary geometries and complex refractive indexes, making it
suitable for calculating a variety of geometries and chemical compositions like those of ambient dust
particles. Optical properties where calculated for the complex 3D model shape of the particles, as well as
for (theoretical) volume-equivalent geometrical shapes like spheres, cubes, and tetrahedrons.

Overall, our studies using FIB-SEM tomography and optical property modeling have shown that the shape
of a particle plays a vital role in its light-scattering properties and that using spherical or spheroidal shape
models can generate large deviations in those properties. Furthermore, that optical property estimates from
tetrahedral shapes had better agreement with the actual particle shape, when compared to spherical and
cubic shapes. In Conny & Ortiz-Montalvo (2017) we performed FIB-SEM tomography on heterogenous
urban dust particles collected at Seattle, WA, Los Angeles, CA and Atlanta, GA [6]. We demonstrated
that the shape was the dominating factor when evaluating variations in the light extinction efficiency and
asymmetry parameter between the complex 3D particle shapes and equivalent geometric shapes. In most
cases, shape was even more important than composition heterogeneity. Also, of the geometric shapes
considered, the tetrahedron was the closest to match the extinction efficiency obtained for the complex
3D structures. More recently, we performed FIB-SEM tomography on heterogeneous dust particles
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collected at Hawaii's Mauna Loa Observatory during an Asian dust incursion event [7]. Our latest work
uses those 3D models to understand how shape and surface roughness affect their optical properties [8].
Once again, we found that shape plays an important role in light scattering properties. In this work we
used a surface smoothing algorithm in Avizo to vary the surface roughness of the 3D particle models
without significantly changing the volume of the particle. Figure 2 shows a schematic of the trends
observed as surface roughness increases, where light extinction increases but the backscatter fraction
decreases. Finally, we compared the extinction efficiency and backscatter fraction of a series of
geometrical shapes representing a progression in shape complexity and varying angularity. Of the 9
variations tested, the tetrahedron and triangular pyramid performed the best. Both shapes have high
angularity and therefore more surface area that could account for scattering due to surface roughness in
dust particles. Based on our findings we recommend the use of tetrahedral shape models in remote sensing
applications and radiative forcing calculations to best represent the shape irregularity and surface
roughness of ambient dust particles.
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Figure 1. Diagram of the data used to make the 3D reconstruction of a representative dust particle
collected at Seattle, WA.
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Figure 2. Schematic of the trends observed with an increase in surface roughness. Left arrow represents
an increase in particle light extinction, which equals the sum of light scattering and absorption. The right
arrow represents a decrease in the backscatter fraction, which is the fraction of light intensity scattered
from 90° to 180°. The representing dust particle was collected at Hawaii's Mauna Loa Observatory.
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