
Modulated structure of ion-exchanged Ca0.4CoO2

Y. Miyazaki, D. Igarashi, Y. Hasegawa and T. Kajitani
Department of Applied Physics, Tohoku University

We have prepared a single-layered cobalt
oxide CaxCoO2 through the solid-state ion-
exchange method to interrogate the struc-
tural difference with the Na-analogue. The
ion-exchange was performed by mixing the
Na0.7CoO2 phase and Ca(NO3)2·4H2O and
fired the mixture at 310 ◦C for 48 h.

Neutron powder diffraction patterns
were collected at several temperatures
from 296 K down to 17 K using HERMES
diffractmeter. The crystal structure was
determined using the Rietveld refinement
program PREMOS [1]. We assumed the su-
perspace group of Cmcm(p10)000 and as-
signed the [CoO2] part as subsystem 1 and
[Ca] part as subsystem 2. The p param-
eter is defined as p = aCoO2/aCa = a1/a2.
The compound consists of two orthorhom-
bic subsystems of [Ca] and [CoO2] with b
= 4.8798(9) Å c = 10.8946(10) Å and two a-
axes of a1 = 2.8208(5) Å and a2 = 7.2552(5)
Å at 296 K, yielding an irrational p value of
p = x = 0.389(1). The final R-factor was RWP
= 0.082.

On the basis of the adopted superspace
group, the modulated structure has been
satisfactorily revealed, by considering up
to second order modulation amplitudes.
The zig-zag arrangement of the Ca ions
is realised perpendicular to the b-axis and
the zig-zag chains stack in an anti-parallel
manner along the c-axis. A markedly dis-
torted arrangement of the Co ions in the
CdI2-type CoO2 layer is also revealed. Fig.
1 shows the temperature evolution of the
Co-O bond distances plotted against inter-
nal coordinate t′. In the present compound,
t’ is defined as -px1 + x4 ∼ -0.389x2 + x4.
The coordinates x1 and x4 respectively cor-
respond to the x coordinate in the subsys-
tems 1 and 2. Although, overall shape does
not change very much for all the tempera-
tures, the Co-O distances significantly vary
from 1.7 to 2.0 Å which would relate to

the highly electrical insulating behaviour,
even at room temperature, relative to the
Sr-analogue which exhibits metallic behav-
ior down to 10 K. On the basis of the Co-
O distances, we evaluated the bond va-
lence sum on the Co ions and we observed
a one-dimensionally (1D) charge-separated
stripe pattern perpendicular to the zigzag
arrangement of Ca ions. The 1D pattern
is somewhat similar to that observed in
Na0.5CoO2, but the charge is not fully sep-
arated to Co3+ and Co4+. In addition, the
nominal valence state of Co is around +3.5
at the positions where the zigzag chains of
Ca are not connected.
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Fig. 1. Temperature evolution of the Co-O distances
plotted against internal coordinate t’.


