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Fig.1 (a) “Devil’s Flower” (k-T phase diagram) obtained from ANNNI modelV. (b) 7-P phase diagram of

NaV20511>.
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Fig. 2 View of the crystal structure of NaV,0s. One 3d electron is
localized at a V-O-V rung and fluctuating inside.
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Fig. 3 Charge order patterns determined in ab-plane, consisting of
two kinds of patterns A and A’, their domain B and B'. A
and its domain B patterns coexist inevitably on the same lay-
er because of the lost of a mirror symmetry perpendicular to
the a- or b-axis (m,, m,) by the phase transition (twin-rule).
Dotted and solid lines represent the unit cells above and be-
low T¢ respectively. The vectors represent the direction and
length of each axis, where f: fundamental and s: superlattice.
Black colored pyramid represents V4*Os and white V5*Os.
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Fig. 4 The structural model of Cy-phase. Determined shifts of the
vanadium ions, which are 50 times longer than the deter-
mined ones, are selectively shown by arrows!?.,

WHLDTEHLLEERIN/I (SCHT),
(x, 3, DR = (x, 3, D)%+ (Ax, Ay, 42) %", (1)

2T (x, 9, 2) %N T Pmmn 2 5 ¢ 7 B PlI2Y
v T4V TICEER B L2100 K TORFALE, (dx, Ay,
A2)5RP* 3 Z I HDOI0K £ TICEGEL B EMETH
5o N EICHEAIIKRDESITCoH (6K, 1.6 GPa)
OREREINT A—2 (6,3, 2) 68 & Big wE@#H L7, O
ZC, BRELGIS X — v HFKS B & ORFH B 5 A
IEFEERTIIfTHIRE L T 5 NERICI S ERER T %
BHL W5,

(5,3, DH = 0,3, DB +alar, y, AU, (@)
BLE - BT, ®

CCTo BREFENME, BERTFICEH2E27 4 v T4
VITIRG A =R THA, Chbhd &Ik« iGN

FHEL, FAALVEZEL CREAHE L ENIE & g
L7z BMEAXHEETLE, F AL VHIZKRORICER L 7=
|I|ca1.= Z ai‘Fz’lzLy (4)

i=A,B

CCTFy FRiz&F ALY (A, B2 —V) OREER
¥, LiZLorentzH¥, an, agid F AL VETHY,
as tag=y: (1—y) CHARMITENS, yDEIDT ¢ v
T4 VT INGA—=RTH b,

FTRAE R & BRI O i % Fig. 5 10774, AT
BN/INTG A—R—3 a=0.274, $=0.63, y=0.43TH -
72o BREEFHHEOMBRIIBINOMEZE L E L <CHML T Y
BEETFIVARIFCH LI L HRMNTF T 5, BEERT
FEARRS, @i TREENZENRp(D) =12.7%, Rs()
=20.0%Th 5, HERTFFICHI AEHEERT KD
TVWRWDTRAB LD BE k> T\Wb, KIC, B
JE &G ERE 2 EhC & > /2 2y % Fig. 6 I2R 9,
[Ilca = [Ilops DEARICRSFED, CHLREFFHELD &

90 © HgtH March 2008 Vol.21 No.2

25000 " NaV205 fundamental Bragg |
agoof T ReI) = 12.7% ]
25000 - 4
—_ 20000 cal.
g 15000 | @ obs. -
g 10000 - I 1 l 1.6 GPa, 6K+
, 5000} 1
€ o Traghel % :
< superfattice Bragg |
2 * Rs(1) = 20.0%
w 41 J
% &
7
P18
1L
0
5 10 15 20 25 30 35
20 (deg)

Fig. 5 Observed fundamental Bragg intensities vs. calculated inten-
sities (upper panel) and observed superlattice Bragg intensi-
ties vs. calculated intensities (lower panel)!?).
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Fig. 7 (a) The layout of RXS-DAC. 5.47 keV x-ray comes into and
out from the sample chamber through the Be gasket!”. (b)
Geometry (top view) of the fluorescence measurement under
high pressure. 19-SSD was set at the ninety degrees direction
in a horizontal plane, where the polarizations of the incident
x-ray is 7;. Sample was set for giving the ¢ || &; component
and got the acceptance by the ac-plane, where the sample was
inclined about thirty degrees (=6,) from &; || b'7.
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Fig. 8 (a) The energy scans at Q= (15/2 1/2 L) observed at 0.1
MPa (L=1/4, Cy/4-phase), 0.6 GPa (L=1/4, C,,,-phase)
and 1.2 GPa (L =0, C,-phase) at 8 K!7, Note that the inten-
sities above 5.47 keV are multiplied by 8. (b) Pressure de-
pendence of the fluorescence spectra from NaV,0s taken at
0.0, 1.4, 1.7 GPa!?,
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Fg.9 (a) Pressure dependence of I/l at RT!7. (b) Pressure de-
pendence of the V-Opyc distance /” at RT?Y. The V-Opical
distance (/") of NaV,Os is known to be strongly compressi-
ble, while the V-0, distance is only slightly affected by the
pressure application?#25. Therefore, the Opica= V""" Ogpicar
antisymmetry along the c-axis can be improved by the pres-
sure application. (¢) The V-Ojpi. distance and /" are defined
as shown.
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Devil’s flower resulting from a successive charge
disproportionation of NaV,05

—Understanding of the details of the Ising spin
and the competitive interactions which made the
devil’s flower bloom—

Kenji OHWADA1, Yasuhiko FUJII2, Jiro MURAOKAS3, Hironori NAKAO#4,
Youichi MURAKAMI4, Yukio NODAS, Hiroyuki OHSUMI®, Naoshi IKEDAS®,
Takahisa SHOBU", Masahiko ISOBE7, Yutaka UEDA?”
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4Department Physics, Tohoku University, Sendai, Miyagi 980-8578, Japan
5Institute of Multidisciplinary Research for Advanced Materials, Tohoku University,
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Materials Design and Characterization Laboratories, Institute for Solid State Physics,
The University of Tokyo, 5—1-5 Kashiwanoha, Kashiwa, Chiba 277-8581, Japan

Abstract Devil’s flower has been found in a temperature—pressure phase diagram of NaV,0s, which shows
a charge disproportionation (CD) at ambient pressure. By a complementary use of an x-ray structural analysis
and a resonant x-ray diffraction, which is sensitive to CD, we have investigated the structural relationship be-
tween two ground states appeared in lower and higher pressure regions including the charge arrangements. It
has been clarified that two equivalent types of charge arrangement in CD correspond to the Ising variable in
NaV,0s. The atomic shifts are regarded as linearly coupled to the Ising spins. The results lead us to the conclu-
sion that the devil’s flower blooms in a charge-disproportionation system. The results also lead us to a
hypothesis that the competitive interactions between Ising spins may result from the Ising spin-phonon

coupling.
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