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there are empty 5d orbitals that can accept electrons from the 2s shell. The collection energy was
set for the Lai line which is at 8.398 keV [8]. Though we conducted full 2-dimensional RXES
studies, we present the 1-dimensional partial fluorescence yield x-ray absorption curves in Figure 1
which displays the results of both experiments. In the first set of experimental results (left figure),
the RXES spectra of WO; are plotted versus incident x-ray energy as a function of pressure. The
ambient pattern displays two peaks which are related to W5d—W2p3. (peak on the left) and
W4f—W2p3, (smaller intensity peak roughly 35 eV to the right) transitions [9]. Perusing the other
patterns taken at higher pressure, it is immediately apparent that the higher energy W 4f orbital
feature (which is reduced somewhat in intensity) is quenched up to the highest pressure studied
(54.8 GPa) where it nearly disappears. Upon decompression, the second spectral line is recovered
with some probable hysteresis.
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Fig. 1. (Left) RXES spectra of WO3 as various pressures. (Right): RXES patterns of the
irradiated WOz and NH2BHz mixture at various pressures.

For the second part of Fig. 1 (right plot), RXES spectra were acquired of a mixture of NHs;BH3 and
WO; that was initially pressurized to 4 GPa. We took an initial pattern right after loading and then
another RXES pattern after some 8 hours of x-ray irradiation at 10.207 keV at the 16 ID-D
beamline. Both spectra appear very similar to each other indicating that the released hydrogen has
not interacted with WQOj3;. The sample was further pressurized to 10 GPa and a dramatic change in
the RXES spectrum is observed which does not change significantly after another 8 hours of
irradiation. The W4f—W2p3, peak has disappeared and another peak (02s-W5d—W2psp) [9]
appears mixed in with the W 5d—W 2p3/, peak.

Upon completion of our experiments, the sample color was noted to have changed color to a deep
royal blue after irradiation.

4. Discussion

The quenching of the W4f—W2ps; peak in the virgin WO3 sample with pressure was likely due to
reduction in unit cell volume and concomitant increase in energy associated with altering the spin-
orbit coupling [9]. For the WOs + NH3BH3 mixture, we propose that molecular hydrogen, which
was released after 8 hour irradiation at 4 GPa, diffused throughout the sample due to increasing
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pressure gradients at 10 GPa (see Fig. 2 for visual evidence of diffusion of hydrogen). During this
process, the hydrogen likely chemically reacted with the oxygen in the WQs lattice which opened
up electronic holes that enabled O2s-W5d—W2psy. transitions [9]. This suggests that hydrogen has
incorporated itself into the WOs3 unit cell.
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Fig. 2. (Left) Photo (looking through one diamond in a microscope) of a sample of NH;BH3
that was irradiated at low pressure (3 GPa) for 8 hours and then pressurized to 55 GPa.
Molecular hydrogen has diffused toward the rim of the gasket as evidenced in the greyish
ring on the rim of the hole. (Right) Raman spectrum of the irradiated sample taken at 55 GPa.
A strong hydrogen vibron was observed after irradiation of this sample near 4270 cm™.

5. Conclusion

We have performed the first reported high pressure RXES study of WO3 up to 54.3 GPa. We have
observed a quenching of the W4f—W2ps, line at higher pressure which we attribute to increased
energies of holes in the 4f level.

We have also performed a RXES study of a mixture of WO; + NH3;BHs;. After irradiation of the
sample to release molecular hydrogen, no significant changes were observed in the RXES spectrum
at 4 GPa. However, after further pressure increase to 10 GPa, we likely observed chemical reaction
with hydrogen and WOs such that hydrogen incorporated itself into the WOs unit cell.

Our studies give support to further development of doping methods for semiconductors harnessing
useful hard x-ray photochemistry.
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