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Fig. 1 (a)(b), Typical sXRD images under pressure in A =Ca and
Sr compounds, respectively. The arrows denote the sXRD
spots coming from charge modulations (3 b, 5b) in CO1,
CO2 phases and from CDO2 phase (only in Sr). (c) (d) (e)
(f), The two sets of P-T phase diagrams for A=Ca and Sr.
(c) (d) represent the diagrams derived from the electro-mag-
netic measurements. The filled and open symbols show the
anomalies on x—T and p—T curves, respectively. (e) (f) ex-
hibit the diagrams in the crystallographic point of view con-
structed by sXRD measurements under pressure. All figures
in this article are prepared by modification and reuse of those
in reference!). American Physical Society Reuse and Permis-
sions License, RNP/18/MAY/004434.
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Fig. 2 The HO phases of /—Sry33V,05 near the tetra-critical point and the XRD peaks from the HO phases appear be-
tween g=1/5 and g=0=1/ positions. (a) (b) see the main text. (c) The temperature evolution (1K incre-
ment) of the XRD intensity curves along the k—axis in the sXRD image at 0.9 GPa and (d) its macro-graph, in
which the several kinds of the commensurate charge modulations and their coexistence can be seen. (e) The tem-
perature dependence of k—position of the highest peak of the XRD intensity curves at 0.9 GPa.
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Fig. 3 The detailed sXRD measurements focusing on the HO phases of f—Sr;33V,0s. (a) A narrow target P-T region
shown by a rectangular box drawn by broken lines on the P-T phase diagram. (b) The typical sXRD intensity
curves. The seven panels denoted as “‘k=1/n"’ (n=3,5,7,9, 11, 13, ) show a P-Tregion, in which the k=1/n
peaks were observed. The gray scaled circles in these panels represent the XRD intensities at k=1/n peaks and
these intensities were normalized by the incident X-ray beam intensity.
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Fig. 4 The crystal structure of f—vanadium bronzes. (a) shows the
b—axis projection view of non-simplified crystal structure.
(b) shows a c-axis projection view of simplified structure.
(c) represents a possible mechanism that can varies the
periodicity of the charge modulation. This can be realized by
charge transfer (carrier redistribution) between sub-systems
in the coupled ladders, V1-V3 and V2-V2 ladders.
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Fig. 5 The schematic 3d-electron system, which are represented as
2,—symmetric sinusoidal waveforms, superimposed on the
V2-V2 ladders of f-vanadium bronzes, which has also 2,—
axis. The modulations of n=2 and 4 break down the 2,—
screw symmetry.
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Fig. 7 Schematic images for the sequential symmetry reduction.
The sequence for eliminations of symmetry elements, a—glide
planes, are schematically show by both pale blue bold lines.

Fig. 6 Schematic illustrations of the electronic states in CDO1, CO1, and CO2 phases, which are superimposed on the c—
axis projection view of simplified crystal structure of f~vanadium bronzes. The 3d—electrons in V2-V2 ladders are
represented by a sinusoidal wave form with a 2,—screw axis. Those in V1-V3 ladder are not shown here for sim-
plicity. The space group of CDO1 phases is P2;/a. The two important symmetry elements in this space group, 2,—
screw axes and a—glide planes are represented by the bold arrows along the b—axis and the bold broken lines along

the g—axis, respectively.
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Odd numbers selective charge ordered phases
and devils’s staircase —A devil’s flower of new
species, blooming on a charge degree of freedom
in quasi-one dimensional vanadium oxide conduc-
tors, di-valent f—~vanadium bronzes—

Touru YAMAUCHI| Material Design and Characterization Laboratory, Institute for Solid State Physics,
University of Tokyo, 5—1-5 Kashiwanoha, Kashiwa, Chiba, 277-8581, Japan

Hiroaki UEDA Solid State Physics and Chemistry Laboratory, Division of Chemistry, Graduate
School of Science, Kyoto University, Kitashirakawa Oiwake, Sakyo-ku, Kyoto
606-8502, Japan

Kenji OHWADA Synchrotron Radiation Research Center, Kansai Photon Science Institute, Quan-
tum Beam Science Research Directorate, National Institutes for Quantum and
Radiological Science and Technology (QST), SPring-8, 1-1-1 Kouto, Sayo,
Hyogo 679-5148, Japan

Hironori NAKAO Photon Factory, Institute of Materials Structure Science, High Energy Accelerator
Research Organization, Tsukuba 305-0801, Japan

Yutaka UEDA Toyota Physical and Chemical Research Institute, 41-1 Yokomichi, Nagakute,
Aichi 480-1192, Japan

Abstract The most significant electronic characteristics of quasi-one-dimensional (q1D) conductors, -
Ao.33V,0s (A=Li, Na, Ag, Ca, Sr), is that the charge ordering states, whose structures can be
represented by charge modulation waves along the most conductive b—axis, emerge at low-tem-
perature. In case of divalent A—cations, especially in A=Sr, we found that devil’s staircase of
commensurate charge modulations, which can be denoted by odd-numbers, n=3, 5, 7, 9, 11 and
more on the basis of the lattice constant b, appears below only 1 GPa. Furthermore, we have ex-
plained this odd-numbers selective Devils’s staircase assuming the following two mechanisms.
(1) Charge redistribution between the two sub-systems, which form the characteristic host V,0g
framework of f-vanadium bronzes. (2) Coupling between 3d electron and crystal structure sym-
metries, This scenario is quite interesting because it not only can account for the diverse charge
ordering phenomena observed in whole f—vanadium bronzes, but also implies an occurrence of
prime-numbers selective phenomenon.
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