
























V. Data 

Surface Composition 

The surface of a sample of uranium oxide was measured through XPS over the 

course of one year. Figures 5 and 6 below show the survey scans of the sample (for more 

graphs, see appendix). 
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Figure 5. Survey scan of initi al uranium oxide sample 
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Figure 6. Survey scan of uranium oxide 52 weeks after deposition 

Identifying Peaks: 99eV - U5d512 
107eV - U5d3;2 
153eV - Si2s 
198eV - U5p3;2 
285eV -Cls 
382eV - U4fm 

393eV - U4fs12 
531eV -Ols 
7 40e V - U4ds12 
783eV - U4d3;2 
975eV - 0 Auger 

By comparing areas underneath the major peaks of uranium, oxygen and carbon, 

the relative composition of the surface was determined and is displayed in figure 7. 
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Figure 7. Percentage composition wi th time detennined by peak area comparison. 



To see more clearly the behavior of the Ols and U4f peaks, high resolution scans 

were performed over small energy ranges . Figures 8-10 show the U4fm and U4fs12 

peaks, and figures 1 J and 12 show the O 1 s peak. (For more graphs, see appendix.) 
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Figure 8. U4f512 and U4f712 peaks of initial sample. 
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Figure 9. U4f512 and U4f712 peaks of sample 12 weeks after depos ition. 
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Figure 10. U4f512 and U4f712 peaks of sample 52 weeks after deposition. 
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Figure 11 . O l s peak of initial sample_ 
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Figure 12. 01 s peak scanned 52 weeks after deposition. 

After allowing time (over a year) for the sample to come to a fairly stable state, 

the surface was sputtered with an argon ion gun and the composition was detennined 

with depth. Figure 13 below shows the composition calculated through relative peak 

areas. 
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Figure 13. Relative composi tion with relative depth detennined through peak area compari son. 



The U4f512, U4f712 and Ols peaks were also looked at with higher resolution and 

the peak energies are charted below. 
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VI. Discussion 

From the two observed peaks, we see two different trends. On the surface the 

Ols peak indicates that the sample is moving to a higher oxidation state. Figure 17 

shows how the composition changes with time, with composition ascertained by 

comparison to Teterin[8]. It appears as though the surface of the sample will completely 

oxidize to UO3 with time. 
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Figure I 7. Oxidation states of uran ium oxide over time. The top li ne represents the percentage ofUO3 while the bottom represents 
that of UO2. 

The U4f peaks, however, show a different trend. If the sample is shifting to a 

higher oxidation state, the uranium peaks should move to a higher energy. Yet, we can 

see from the charts that the peaks moved to a lower energy, indicating that the sample is 

moving to a lower oxidation state. This trend occurred for the first 18 weeks , after which 

the peaks began to shift to higher energies. This is due to the fact that, as noted 

previously, the sampling depth of XPS is a function of the electron 's kinetic energy. The 

kinetic energy for the ejected Ols electrons is approximately 950eV while that of the U4f 



electrons is 11 l0eV. From studying figure 18 [14], the difference in sampling distance 

can be determined. (The y-axis is measured in nanometers, while the x-axis is in electron 

volts .) 

(c) 

Fi gure l 8. The sampling distance o"ran electron as a function of energy [l4] 

Thus, the difference in kinetic energy equates to a difference in sampling depth. 

Hence, the O 1 s peak is somewhat more sensitive to oxidation near the surface, while the 

U4f peaks probe the oxidation condition to a somewhat greater depth. It is obvious that 

the two trends are not identical. 

The scans run at larger angles are in agreement with what was determined for the 

U4f and Ols peaks at 30°. The scan done at 55° (which samples a greater depth than 75°) 

shows a slightly lower oxidation state than the scan done at 75°, but a higher oxidation 

state than that at 30°. 

The depth profiling data indicates non-uniform composition throughout the 

sample. The uranium at the surface is in a higher oxidation state than the rest of the 

sample. As we penetrate deeper into the sample, the uranium to oxygen ratio is fairly 

consistent with U02. As the silicon wafer is approached, the amount of oxygen goes up. 



This may be due to bonding of oxygen with silicon; however, the shift in the uranium 

peaks indicates that the uranium is also bonding with more oxygen. Thus the top and 

bottom of the sample both have higher oxidation states than the bulk of the sample. 

Nitrogen is detected below the surface of the sample, increasing to and leveling 

off at approximately 15% of the composition. The position of the nitrogen peak is at 

398eV, while the U4f712 peak is at 39leV. The proximity to the uranium peak creates 

difficulty in detecting the presence of nitrogen, as the uranium peak will overlap the 

nitrogen peak. Thus it is more likely that the amount of nitrogen is consistently 15% 

throughout the sample, it is simply not detected until the uranium peaks begin to 

decrease. 



VII. Conclusion 

Based on the data collected through x-ray photoelectron spectroscopy, it appears 

that the uranium oxide samples continue to oxidize after deposition, approaching a stable 

composition after a period of several weeks. In comparing to Teterin [8] , it appears that 

the surface is initially UO2 and slowly oxidizes to UO3. However, the depth profiling of 

the film indicates that bulk of the sample remains at the initial composition of UO2. Near 

the silicon wafer, the oxidation state may be higher. 

The surface easily collects high amounts of carbon which may cause problems in 

the reflectance of the mirrors. This problem has been under investigation by members of 

the BYU thin films research group. It has been found that UV cleaning effectively 

removes all carbon from the surface of silicon oxide films with a relatively short amount 

of exposure time (approximately 5 minutes). However it is possible that this may cause 

further oxidation or other damage to the surface. More studies are needed to determine 

the effect of this cleaning on other surfaces, such as uranium oxide. 

Although the uranium was believed to be sputtered only m the presence of 

oxygen, nitrogen may also have been present as it is found consistently throughout the 

films. It is unknown how this nitrogen may be bonded to the uranium oxide. Further 

investigation is needed to detennine what role the nitrogen plays in our compound. 

Pressures of nitrogen in the DC sputtering chambers were not recorded. Additional 

investigation of the initial depth profile is required to determine if this is indeed the 

source. 



Appendix 

A. Survey scans of uranium oxide sample 
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Figure 19. Survey scan of initial uranium oxide sample. 
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Figure 20. Survey scan of uranium oxide sample 12 weeks after deposi tion. 
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Figure 21. Survey scan of uranium oxide sample 25 weeks a fter deposition. 
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Figure 22. Survey scan of uranium oxide sample 52 weeks after deposition. 



B. High-resolution scans of U4f712 and U4f512 peaks 
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Figure 23. U4f112 and U4f512 peaks of initial uranium oxide sample. 
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Figure 24. U4f712 and U4f512 peaks of uranium oxide sample 12 weeks after deposition. 
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Figure 25, U4 f712 and U4f512 peaks of uranium oxide sample 25 weeks after depos ition, 
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Figure 26, U4f712 and U4f512 peaks of uranium oxide samp le 52 weeks after deposition, 
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C. High-resolution scans of O l s peak of uranium oxide sample 
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Figure 27 . 0 1 s peak of initial uranium oxide sample. 
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Figure 28 . 0 1 speak of uranium oxide sample 12 weeks after deposi tion. 
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Figure 29. Ol s peak ofuraniL1m oxide sample 25 weeks after deposition. 
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