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Electron tomography (ET) is currently the highest resolution imaging modality available to study the 

3D structures of materials science and biological samples [1, 2].  In ET, a series of 2D projection is 

first measured from an object at different tilt angles, and then used to reconstruct the 3D structure of 

the object. The highest resolution previously achieved in ET is ~1 nm
3
 [2]. One of the key problems 

in electron tomography is the need of reconciling two criteria that are in conflict with each other: i) 

the resolution and quality of the reconstruction are directly dependent on how finely spaced the tilt 

images are and over how wide an angular range they extend; and ii) the electron dose must be 

minimized to avoid radiation damage to a sample. Above a critical dose, structure degradation 

occurs and, in the worst case, renders the reconstruction meaningless. In addition, vibration of 

membrane at large tilt angles prevents high quality projections and affects the resolution of the 

reconstruction.  

 

To overcome these limitations, we have developed a new method of low-exposure acquisition of 

tomographic tilt series, combined with an equal slope increment scheme for achieving atomic 

resolution electron tomography [3]. In order to reduce vibration and drift during data acquisition, the 

sample holder was allowed to settle for one hour after insertion into the microscope, and also for 

several minutes after moving to each new angle. Tilt series were acquired by manually changing the 

angle with equal slope increments. The tilt angles (θ) were determined by               

       for         and                          for            with N = 32 

or 64 in this experiment [4-6]. To focus each image during data acquisition, a nearby particle was 

used (rather than the particle of interest) to reduce the radiation dose to the particle. By using this 

low-exposure data acquisition scheme, we have obtained several tomographic tilt series by using an 

FEI Titan 80-300 scanning/transmission microscope at UCLA. Fig 1 shows three 0° projections of a 

10 nm Au particle measured during the acquisition of a tilt series. Although some minor shape 

changes occurred, the crystal lattices of the particle remained consistent throughout the experiment. 

 

As a proof of principle, we reconstructed a 10 nm gold particle from the tilt series of 69 projections 

with a tilt range of ±72.65º. By using the equally slope tomographic reconstruction method [4-6], we 

have determined the 3D structure of the 10nm Au particle at 2.4 Å resolution (Fig 2) [3]. Although 

we cannot definitively locate all of the atoms inside the nanoparticle, individual atoms are clearly 

observed in some regions of the particle. We anticipate that this general method can be applied not 

only to determine the 3D structure of nanomaterials at atomic-scale resolution, but also to improve 

the spatial resolution and image quality in other tomography fields [7]. 
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FIG. 1.  Three 0° projections (a,c,e) 

and their Fourier transforms (b,d,f) 

measured during the acquisition of 

the tilt series to monitor the effects 

of radiation damage. Although 

minor shape changes occurred, the 

overall crystal lattice structure of 

the gold nanoparticle remained 

consistent throughout the 

experiment. The minor shape 

change may contribute to a small 

degree of uncertainty in the overall 

shape of the reconstructed 

nanoparticle.  

 

FIG. 2.  3D resolution estimation of the 

reconstruction. a and b, A 3.36 Å thick 

central slice in the XY plane and its 

Fourier transform, indicating 2.4 Å 

resolution was achieved along the X- 

and Y-axes. c and d, A 3.36 Å thick 

slice in the ZY plane and its Fourier 

transform where the horizontal axis is 

along the Z-axis (beam direction). The 

resolution in the Z-axis was estimated 

to be 2.4 Å. Individual atoms are visible 

in some regions of the slices, but not all 

atoms can be identified in the slices. 

 


