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Time Dependent XRD of Y2C vs S@Y2C

Results

To meet increasing energy demands, new materials must be researched and 
characterized. One such material is electrides: inorganic crystals that contain electrons in 
place of anions. Some electrides crystallize in layers, which results in a low work function, 
high anisotropic conductivity, and high energy electrons, making them highly interesting 
for applications in batteries and catalysis.1,2,3 Unfortunately, the same high energy 
electrons that make the material useful also contribute to swift degradation in the 
presence of oxygen. 

Surface coatings have been used to stabilize some electrides, but have yet to be 
applied to the layered electride Y2C.4 Y2C is a promising electride as it can be used as an 
electrode in batteries. However, the electride is oxidized in air, hindering its long-term 
stability. I propose using a surface coating of sulfur to pacify the high-energy surface. The 
ionic radius of sulfur is too large to be intercalated into the material, yet sulfur is soluble 
in electride stable solvents. Additionally, the layer created by sulfur is homogenous. By 
tuning parameters such as temperature, annealing time, and soaking time, the properties 
of the surface layer can be adjusted. The tuned surface coating can be used in a wide 
array of batteries, optical devices, catalysts, or capacitors. 
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Sulfur is melted in a pestle at variable temperature in a 
fume hood. After the sulfur is completely melted, Y2C is 
directly added to the sulfur and then ground. The 
suspension is allowed to cool before the Y2C powder is 
transferred to a glove box. The powder is added to a 
solution of toluene and allowed to soak before 
experiments are conducted on the layer.

Elemental analysis of the Y2C pellets is conducted through 
TEM. TEM probes the pellets in an air free environment, 
which ensures minimal exposure to oxygen. The relative 
abundance of each element can be calculated with energy 
dispersive X-ray spectroscopy.

XRD is used to evaluate the crystallin properties of the 
material. Time resolved XRD was used to evaluate whether 
a surface layer of sulfur prevented the degradation of 
crystalline Y2C into its amorphous oxidized form.

Based on the TEM data collected, it is clear that the presence of oxygen in the core of the 
system has been reduced. Oxygen is still present in both the core and shell of the sulfur-
yttrium carbide system, but the new method has been successful in preventing the 
formation of yttrium oxide. When preparing future samples of sulfur coated yttrium 
carbide, grinding in liquid sulfur should be employed over vapor phase deposition in order 
to minimize exposure to oxygen. Future experiments will include using XPS to measure the 
thickness and uniformity of the sulfur layer with precision. After XPS is performed, various 
experiments can be performed to reduce the thickness of the sulfur layer to a minimum. 
These include using solvent blends of toluene with other nonpolar solvents such as xylene, 
benzene, or hexanes. Performing the deposition at a cooler temperature may reduce the 
intercalation of sulfur. Additionally, modulating the soaking time of the samples in solvent 
will allow better understanding of the parameters that control surface layer thickness in 
the core/shell system.
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