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The next generation electron microscope is currently being developed within the DoE’s TEAM
Project [1]. A prototype instrument (TEAM 0.5) became recently operational [2] and provided phase
contrast images of graphene — a single sheet of carbon atoms - with truly atomic resolution and
extraordinary signal to noise ratios [3]. Conventional electron microscopes do not provide such
performance (Figure 1) because unlike other microscopes TEAM 0.5 is equipped with a Cs corrector,
a prototype high brightness gun / monochromator assembly and can be operated at 80kV. The ability
to directly image the atomic structure of graphene opens the possibility to probe for chemically
functional groups such as oxidized rings containing C-O-C (epoxide or ether) or C-OH groups.
When functionalized, single-sheet graphene is expected to serve in a variety of applications.

Graphene oxide films were fabricated by a modified version of the Staudenmaier process [4]. The
chemical composition of the film was determined by X-ray Photoelectron Spectroscopy technique.
Flakes of such materials were deposited on holey carbon grids and exposed to the high brightness
beam of the electron microscope to free the graphene oxide from adsorbents locally. Focus series of
lattice images were recorded from cleaned areas and reconstructed to obtain amplitude and phase of
the scattered electron beam using a Gerchberg-Saxton algorithm. Figure 2 shows a reconstructed
phase image of a graphene oxide film. Grains of 2-3 nm diameter are seen and single graphene layers
as well as double layers are readily observed. In other instances we detected rotational stacking faults
[5] in such materials that are significantly strained (Fig.2). Schniepp et al. [6] have attributed the
strain and film bending to the presence of epoxide groups. Clearly the identification of such group in
the reconstructed phase image requires extensive image simulations as well as an estimate of
statistical and systematic errors because image patterns change rapidly across the picture. In this
contribution we will provide such data in order to set boundary conditions for the detection of
oxygen in graphene.
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FIG. 1. Lattice image of graphene oxide. 300kV. Image Fourier components (inset) at 2 A do not
allow for atomic resolution. The presence of adsorbents in combination with the finite spherical
aberration constant Cs= 0.6 mm introduce random intensity fluctuation that obscure the visualization
of the lattice pattern.

FIG. 2. Reconstructed phase image of graphene oxide. TEAM 0.5, 80 kV. Coherently ordered
grains of 2-3 nm diameter are visible. The layers are strained as indicated by the directional streaking
of the image Fourier components. Single and double layers are readily observed.
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