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Transmission Electron Microscopy (TEM) enables the researcher to directly visualize biological 

materials such as transmembrane proteins with sub-nanometer structural resolution and small sample 

volume compared to X-ray crystallography. For the last few decades, cryo-electron microscopy allows a 

specimen to be studied in a fully-hydrated condition by imbedding it in a film of vitreous ice. This 

technique eliminates the need for harsh sample preparation methods such as dehydration, chemical 

fixation, and coating. Instead, an aqueous solution of biomaterial is deposited onto a TEM grid and 

plunged into a bath of liquid ethane (or propane) thereby quenching the liquid into a solid form, 

bypassing the lethal effects of crystallization. However, vitrification is highly stochastic with user-

specified conditions such as sample volume, temperature, humidity, sample plunge time, and blot 

settings. Several reoccurring problems with this technique include inconsistent ice film thicknesses and 

sample loss due to blotting with filter paper. Therefore, there is a need for TEM grids on which the user 

may tune the vitreous ice film thickness suitable for the biomaterial under study.  

 

Recently, Razinkov et al. have fabricated custom TEM grids that are coated with copper oxide 

nanowires [1]. The nanowires act as a wicking material to spread the sample solution into a film without 

the need for blotting with filter paper. The nanowire length and density, as well as the time between 

sample deposition and plunging, were labeled as critical factors to control film thickness. In this paper, 

we propose another suitable copper oxide (CuO) coating to tune ice film thickness. The oxide, originally 

created for phase-change heat transfer devices [2], is grown from the copper TEM grid surface via a hot 

alkaline (95 °C, pH 14) solution consisting of NaClO2, NaOH, Na3PO4·12H2O, and deionized water at 

3.75:5:10:100 wt. %, respectively.  

 

Our aim is to produce CuO-coated TEM grids on which aqueous solutions wet with film-like 

morphology. In this study, CuO is grown directly onto a copper TEM grid acquired from the 

manufacturer (Quantifoil) without further treatment. X-ray and neutron diffraction of CuO-coated 

copper confirm the presence of three copper phases: bulk copper, Cu2O, and CuO. We tested the 

wettability of the two surface types, copper and CuO, with a series of 1-µl water contact angle 

measurements showing that the CuO surface is super-hydrophilic (contact angle ~0°) whereas bare 

copper is relatively hydrophobic (~80°). Furthermore, we use low-vacuum, “environment”-mode of the 

FEI Quanta 600F SEM (500 Pa, ~ -3.0 °C) to condense water onto bare copper (Fig. 1d) and CuO-

coated TEM grids (Fig. 1c). As a result, water condensed on CuO wets as a film across the grid squares 

in contrast to droplet wetting on bare copper grids, consistent with the water contact angle 

measurements. These results have motivated us to proceed with the next phase of the project – tune the 

thickness of vitreous ice films on CuO-coated TEM grids [3].  

 



     

Figure 1 (a) Photo of 2-in. diameter copper disk (left) without and (right) with CuO. (b) SEM of CuO 

nanostructures after 10 min. exposure to solution. (c-d) ESEM images of a copper TEM grid (300-mesh) 

(c) with and (d) without a CuO coating. Note the film-like wetting in (c) vs. droplets in (d). 

    

Figure 2 SEM images of CuO growth on copper foil after (a) 0 sec., (b) 10 sec., (c) 1 min., and (d) 5 

min. exposure time to the hot alkaline solution.  

              
Figure 3 (a) High-angle annular dark field (HAADF) TEM image of the sample cross-section exposing 

the oxide layers. (b-c) Select-area electron diffraction (SAED) of (b) the bulk substrate, outline as the 

red solid circle in (a); and, (c) at the Cu/Cu2O interface (blue dashed circle).  
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