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Electron tomography is a powerful technique that enables to determine the 3D internal structure 
of a sample from a tilt series of 2D projections. Although current aberration-corrected 
transmission electron microscopes can achieve a resolution of 0.5 Å1, radiation damage, 
projection misalignment and the “missing wedge” problem (i.e. specimens cannot usually be 
tilted beyond ±79°) have previously limited the resolution of general electron tomography to ~1 
nm2.  Discrete tomography has recently been used to generate a 3D atomic reconstruction of a 
silver nanoparticle 2-3 nm in diameter3, but this statistical method assumes prior knowledge of 
the particle’s lattice structure and requires that the atoms fit rigidly on that lattice.  
 
In order to achieve atomic scale resolution in general electron tomography, two major difficulties 
have to be overcome or significantly alleviated: i) solving the projection misalignment problem 
to achieve atomic level alignment precision, and ii) implementation of a tomographic 
reconstruction method that can deal with the missing wedge problem. In electron tomography, 
the conventional alignment approach either relies on fiducial markers or is based on the cross-
correlation between neighboring projections2,4. But neither of these alignment approaches can 
achieve atomic level precision. We proposed a new alignment method based on the center of 
mass (CM), which enables us to achieve atomic level alignment precision5. Furthermore, we 
applied a novel tomographic reconstruction method, termed equally sloped tomography (EST)6-8, 
to significantly reduce the missing wedge effect. Fig. 1 shows schematic layout of the EST 
method that iterates back and forth between real and reciprocal space. In each iteration, 
constraints such as the sample boundary (i.e. support) and positivity of the Coulomb potential are 
applied in real space, while the measured projectional slices (i.e. the Fourier transform of the 
projections) are enforced in reciprocal space. Each iteration is monitored by an error metric, and 
the algorithm is terminated after reaching a maximum number of iterations. It has been 
demonstrated to be superior to conventional reconstruction methods, such as Weighted Back-
Projection (FBP), algebraic reconstruction technique (ART) and simultaneous algebraic 
reconstruction technique (SART)6-8. 
 
By using the CM alignment approach and the EST methods, we first demonstrated the successful 
atomic resolution tomographic reconstruction of a simulated Au nanoparticle (~5 nm) from a tilt 
series of 55 projections with a missing wedge5, calculated by using multislice STEM 
simulations. We then reconstructed a 10 nm Au nanoparticle from a tilt series of 69 projections, 
acquired from an FEI Titan 80-300 scanning/transmission microscope at UCLA. We determined 
the 3D structure of the Au nanoparticle with a resolution of 2.4 Å and identified four major 3D 
grains5, shown in Fig. 2. We anticipate that this atomic scale resolution electron tomography 
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method can be generally applied to determine the 3D atomic structure of a wide range of 
materials, both disordered and ordered, as well as to improve image quality and resolution in 
electron tomography of biological systems and other tomography fields. 
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Figure 1. Schematic layout of the EST 
method. The measured projections are first 
converted to Fourier slices by the fractional 
Fourier transform (FrFT). The algorithm 
iterates back and forth between real and 
reciprocal space using the pseudo-polar fast 
Fourier transform (PPFFT) and its inversion. 
In real space, the negative-valued inside the 
selected boundary (support) and the voxel 
values outside the support are set to zero. In 
Fourier space, the corresponding calculated 
slices are updated with the measured ones 
(in blue) and the remaining slices (in green) 
are unchanged. The algorithm is terminated 
after reaching a maximum number of 
iterations. 
 Figure 2. Identification of four major 3D 
grains inside the gold nanoparticle at atomic 
scale resolution. The angle enclosed by 
close-packed planes across these interfaces 
was measured to be 69.9°±0.8° between 
grains 1 and 2, and 71.3°±0.8° between 
grains 3 and 4, both of which are consistent 
with the angle for an fcc twin boundary 
(70.53°).  
 


