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Fig. 1 Crystal structures of calcium below 100 GPa. (a) Phase I at
1 bar, (b) phase II at 20 GPa, and (c) phase III at 40 GPa.
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Fig. 2 Crystal structures of calcium above 100 GPa recently deter-
mined by the authors. (a) Phase IV at 130 GPa!®, (b) phase
V at 154 GPal!®, and (c) phase VI at 190 GPa2?.

Fig. 3 Predicted crystal structures of calcium phase VII (/4/
mcm-32) by some theoretical studies!821:26) viewed from (a)
ab- and (b) ac-planes. Blue and white balls represent the
atoms forming the host and the guest frameworks, respec-
tively.
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Fig. 4 (Color online) Powder x-ray diffraction pattern and Riet-
veld analysis with the 14/mcm-32 model for calcium phase
VII at 241 GPa. The black dots show the experimental
values. The blue solid lines show the calculated diffraction
pattern. The labels ‘“G”’ denote the diffraction peaks from
rhenium gasket. The insets show the enlarged views.
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Fig. 5 (Color online) Final Rietveld refinement with the P4,/
ncm-128 model for calcium phase VII which is proposed in
this study3?.
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Fig. 6 Crystal structure of calcium phase VII drawn in (a) ab- and
(b) ac-planes®? . Black and white atoms show the two types
of the height of the guest atom along c-axis in (b).
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Fig. 7 (Color online) Pressure change of the atomic volume for
calcium. Data points for phase VII were obtained by the
Rietveld analysis with the P4,/ncm-128 model.
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(Color online) Pressure change of the inter-atomic distances

for calcium. Phase VII data includes numerous distances;
therefore, its data points are marked with thin lines.
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Crystal structure analysis of high pressure phase
of calcium showing the highest superconducting
transition temperature in the element

Hiroshi FUJIHISA National Institute of Advanced Industrial Science and Technology,
1-1-1 Higashi, Tsukuba, Ibaraki 305-8565, Japan

Yuki NAKAMOTO Center for Science and Technology under Extreme Conditions,
Osaka Univ, 1-3 Machikaneyama-cho, Toyonaka, Osaka 560-8531, Japan

Masafumi SAKATA Research Laboratory for Surface Science, Okayama Univ,
3-1-1 Tsushima-naka, Kita-ku, Okayama 700-8530, Japan

Katsuya SHIMIZU Center for Science and Technology under Extreme Conditions,
Osaka Univ, 1-3 Machikaneyama-cho, Toyonaka, Osaka 560-8531, Japan

Abstract High pressure phases IV, V, and VI of calcium have been known to have the highest supercon-
ducting transition temperature (T,) around 25 K by electrical resistance and powder x-ray diffrac-
tion measurements. Recently, Sakata et al. reported that they discovered new higher pressure
phase VIl of calcium above 216 GPa and it has the highest T, of 29 K. The structure was initially
thought as a host-guest type that is seen in high pressure phases of alkali- and alkali earth-metals.
Solving its crystal structure is obviously important for solid state physics and superconducting
research, however, the structure is found to be more complex than previously thought. In this
paper, we will describe the process of the structure analysis of calcium phase VII and briefly in-
troduce the analysis technique of combining a powder diffraction experiment and a quantum
chemical calculation.
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