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Due to the increasing emission of CO2 from different anthropogenic activities, the conversion from CO2 

to high-value multi carbon (C2+) production catalytic system has become the focus of interest for obtaining 

sustainable high-value multi carbon production by hydrogenation of captured CO2.[1] Currently, even 

though there are numbers of studies related to the synthesis of catalysts, the failure mechanism of catalysts 

during the catalysis process remains unclear. By introducing the in situ gas system to the (scanning) 

transmission electron microscope (S/TEM), the details of the catalyst degradation process can be studied 

in real-time at different gas environments. The thermal stability of catalysts in different gas environments 

could be mimicked.  Among different kinds of noble metal catalysts, Cu has attracted more attention in 

the catalysis field since its low cost and unique applications in converting carbon dioxide/carbon mono 

oxide to C2+ [2]. Therefore, the stability of different Cu polymorphs catalysis is critical for the engineering 

application. 

Herein, this study addresses the failure mechanism of Cu in water vapor and CO2 gas at 200 ℃. By mean 

of in situ gas S/TEM, the oxidation processes of Cu nanowire (NW), and Cu nanosheet (NS) were 

monitored during exposure to CO2 at 760 Torr and water vapor at 14 Torr at 200 ℃. The time-sequential 

image series and videos reveal that the failure of the Cu catalyst is mainly caused by oxidation. The 

oxidation of Cu is dependent on surface facet and purity since Cu is easy to be oxide and there is always 

a native oxide on the surface. The morphology of Cu NW is shown in Figure 1(a). Based on the selected 

area diffraction (SAD) pattern shown in Figure 1(b), the growth direction of Cu NW is along. For the Cu 

nanowire, the oxidation initiated from one end and gradually expanded to another end along the growth 

direction of the NW, as shown in Figure 2. However, we also observed that this oxidation process can 

proceed from outside to inside along the normal direction of the broad surface. The detailed studies 

confirm the relationship between the oxidation path and the surface oxide. When there is no surface oxide 

in the Cu NW, the oxidation of Cu NW prefers the end to end path. When there is a lot of surface oxides, 

the oxidation follows the outside to inside path. Electron energy loss spectrum (EELS), energy dispersive 

spectrum (EDS) and SAD are used to confirm the phase and element evolution during the in situ gas study. 

The Cu nanosheet (NS) is easier to be oxidized compared to the Cu nanowire since there is more surface 

exposed to the gas environment. The oxidation of Cu NS prefers to start at the {110} facet which is the 

edge of the nanosheet. This study suggests the pristine condition of the Cu surface likely plays a key role 

in the degeneration process of the catalysts [3]. 
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Figure 1. TEM image of Cu nanowire (a) and the corresponding selected area diffraction pattern (SAD) 

(b). The zone axes of yellow pattern is [111] and the zone axes of red pattern is [110]. The faces () are 

shared by red and blue patterns. 

 
Figure 2. The oxidation of Cu nanowire and Cu nanosheet in CO2 gas environment. Before oxidation (a) 

and in the middle of oxidation. The yellow arrows indicate the CuO shell, and the red arrows indicated 

the Cu and CuO interfaces. 
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