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Figure 1. Comparison of the powder x-ray diffraction patterns of

phase IT of iodine at 30 GPa taken under different experimental con-
ditions: (a) no pressure medium, sealed-off x-ray tube (1=0.7107
A), position-sensitive detector (ref. 8), (b) no pressure medium,
synchrotron radiation (PF, BL-6B, 1=0.6888 A), imaging plate
(ref. 36), (c) helium pressure medium, synchrotron radiation (PF,
BL-13A, A=0.4264 A), imaging plate (ref. 37). G denotes the
diffraction peak by the gasket.
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Figure 2. Powder x-ray diffraction pattern of the high-pressure phase V of iodine at 24.6 GPa. The x-ray wavelentgh
was 0.4264 A. The upper tick marks below the pattern indicate the main reflections for the basic face-centered or-
thorhombic cell, and the lower tick marks the satellite reflections. The hk/m indices are given for the reflections at low
scattering angles. The inset shows the enlarged view of the satellite reflections and their change with pressure. Notice that
the peaks of the high-pressure phase II already appear at 25.5 GPa near 20=9.3 and 9.7 deg.

Figure 3. Crystal structure of the incommensutrate phase V of io-
dine at 24.6 GPa. The figure shows the projection of two atomic lay-
ers onto the ab plane. The atoms shown by dotted lines are located
on the plane at z=1/2. The thick bonds indicate the interatomic dis-
tances shorther than 2.92 A, and the thin bonds those at 2.92-3.05
A. The square shows the basic face-centered orthorhombic unit cell.
The modulation wave propagates along the a-axis and is schemati-
cally shown below the crystal structure. Notice that the amplitude is
exaggerated so as to clarify the modulation.
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Figure 4. Change with pressure of (a) the length of modulation
wave vector k and (b) the amplitude B, (y). Circles and triangles in-
dicate the data in two different experimental runs. The open triangles
indicate the data taken on decreasing pressure.
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Figure 5. Pressure-volume relationship for iodine near the stability
region of phase V. Different symbols are used for each phase indicat-
ed above. The grey lines are the guides to the eye.
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Figure 6. Variation of the interatomic distances of phase V at 24.6
GPa as a function of supplementary coordinate ¢’ (=¢—k-x), where
t is the phase of the modulation wave, and k and x are the modula-
tion wave vector and the atom position, respectively. Two represen-
tative atomic arrangements are illustrated. The distances near 3.46 A
are those between atoms belonging to two adjacent planes.
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Molecular phase |

Figure 7. Comparison of the crystal structure of molecular phase I
(19.1 GPa), incommensutrate phase V (24.6 GPa), and monatomic
phase II (30.4 GPa) of iodine. The atoms shown by dotted lines are
located on the plane half-way below the respective plane. Cor-
responding atoms in phases I and II are numbered. In phase V, the
atomic positions and the near-neighbor distances vary with the phase
of the modulation wave, and hence the atoms are not numbered.
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Figure 8. Change of the near interatomic distances of iodine with
pressure. Solid circles are the present data, open circles from Ref.
36, and open squares from Ref. 11. The interatomic distances for
phaseV, specifically intra-layer ones, have a large range of distribu-
tion due to the structural modulation. The vertical bars show the dis-
tribution ranges. Dashed lines indicate the approximate phase boun-
daries. The numbers like 1-2 mean the distances between the atoms
numbered in Fig. 7. The grey curves are the guides to the eye.
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Abstract

High-pressure powder x-ray diffraction experiments have been carried out on solid iodine at room temperature
under quasihydrostatic conditions with the use of a He-pressure medium. A new intermediate phase V has been
found in the pressure range 24-28 GPa, in the vicinity of the pressure-induced molecular dissociation. The struc-
ture is incommensurately modulated, a rare case for elemental solids. The nearest interatomic distances are con-
tinuously distributed over a range 2.86-3.11 A, which characterizes phase V as a transient state between the
molecular and monatomic states. We give a historical overview of the high-pressure studies on iodine and discuss
the mechanism of the molecular dissociation and formation on the basis of the pressure-induced structural change.
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