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Hydrogen is the predominant component in giant planets. Under the 
high internal pressure of Jupiter and Saturn, hydrogen would exist in the 
metallic form. Knowledge of the properties of hydrogen at high pressures is 
crucial for modeling the interior of Jovian planets and for interpreting the 
physical measurements such as the high magnetic field of Jupiter. The past 
three years has marked a period of significant developments in static high- 
pressure research on hydrogen. Measurements of Raman, reflectance and 
absorption spectra from visible to infrared wavelength have been obtained on 
samples of solid hydrogen to 200 GPa with temperature variable between 77 to 
300 K. A variety of new phenomena has been observed. 

We discovered a major phase transition in hydrogen beginning at 150 
GPa and 77 K, which was characterized by a large discontinuity of 100 cm-1 in 
the molecular vibron. The study of the isotope effect on the transition with 
deuterium samples indicated that the transition is not a simple ordering type 
like that observed at lower pressures. Measurement sensitivity has been 
improved by an order of magnitude so that the weak low-frequency Raman 
spectra, including lattice modes and rotational bands, could be observed 
through the transition. The results indicate that the transition does not 
involve a major structural change from the hexagonal-close-packed 
symmetry, but instead is consistent with a transition that is largely electronic, 
possibly an insulator-metal transition due to the closure of indirect band gap. 

The highest pressures above 250 GPa has been reached in hydrogen 
with considerably smaller samples. Due to the size diffraction limitation, 
optical measurements have been obtained only at visible wavelengths. 
Hydrogen samples darken with increasing red reflectivity above 250 GPa, and 
the hydrogen molecular vibron could not be measured. The observation is 
suggestive of the possibility of metallization by molecular dissociation or 
closure of the direct band gap. A fit to our dielectric measurements also 
indicates that darkening due to narrowing of the direct band gap should be 
apparent above 250 GPa. 

One of the most crucial questions about the hydrogen is its crystal 
structure and lattice parameters at ultrahigh pressures. Crystallographic study 
of the lightest element by x-ray diffraction presents a great experimental 
challenge. We have recently obtained single-crystal diffraction data of 
hydrogen and deuterium up to 43 GPa at 300 K, which is almost double the 
maximum pressure in previous hydrogen studies. The crystal structure of 
hydrogen remains hexagonal-close packed. 
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