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Since the discovery of large thermo-
electric power in the layered compounds
NaCo2O4 and Ca3Co4O9, misfit-layered
cobalt oxides particularly have attracted
much interest as candidates for thermo-
electric (TE) materials. The polycrystalline
Ca3Co4O9 sample typically exhibits S=130
μV/K,ρ=15mΩ cm andκ=1.0W/mK at
room temperature. For practical use, an ap-
preciable decrease in ρ must be achieved
because ρ=15m Ω cm at room temper-
ature is about one order of magnitude
higher than that of Bi2Te3-based TE ma-
terials. In this study, we have employed
a high-resolution powder neutron diffrac-
tion technique to investigate the weak
modulated crystal structure of trivalent Y
ion doped Ca3Co4O9 polycrystalline sam-
ples. This study was carried out to investi-
gate the valence state of Co ions both in the
CoO2 sheet and in the RS-type BL subsys-
tems.

The polycrystalline samples of [(Ca1-
xYx)2CoO3]0.62CoO2 (0≦ x≦ 0.04) were
prepared by the conventional solid-state re-
action method. The sample homogeneity
and crystallinity were confirmed by means
of the powder Neutron diffraction (ND)
technique. Tne ND data were collected at
293K using the Kinken powder diffrac-
tometer for high efficiency and high res-
olution measurements (HERMES) of Insti-
tute for Materials Research (IMR), Tohoku
University, installed at the JRR-3M reac-
tor in Japan Atomic Energy Research Insti-
tute (JAERI), Tokai. The incident neutron
beam was monochromatized at λ=1.8265
Å. The ND data were analyzed using a
Rietveld refinement program PREMOS 91
designed for modulated structure analy-
ses. The crystal structures and interatomic
distance plots were obtained with the use
of PRJMS and MODPLR routines, respec-
tively, both were implemented in the PRE-

MOS 91 package.
First, we assumed the superspace group of

C2/m(0 p 0)s0 for the crystal structure of
[(Ca0.98Y0.02)2CoO3]0.62CoO2 (x = 0.02),
and assigned the CoO2 sheet for subsys-
tem 1 and the RS-type BL for subsystem2.
In this superspace group, the CoO2 sheet
has C2/m symmetry while the RS-type BL
subsystem has C21/m symmetry.

After two or three refinement cycles,
the modulation of the atomic positions in
x=0.02 was introduced, considering up to
the second order of cosine and sine com-
ponents of the Fourier terms, i.e., Ai (i =
0, 1, 2) and Bi (i = 1, 2). Figure 1 shows
the observed, calculated and difference in-
tensities of the HERMES data for x = 0.02.
Short vertical lines below the patterns in-
dicate the peak positions of the main (up-
per) and satellite (lower) reflections for the
CoO2 sheet and RS-type BL subsystems.
The difference between the observed and
calculated patterns is shown below the ver-
tical lines. The final Rwp factor is 5.91 %
and the lattice parameters are refined to a
= 4.8300(5)Å, b1 = 2.8220(1)Å for CoO2
sheet, b2 = 4.5517(1)Å for RS-type BL sub-
system, c = 10.838(9)Å andβ= 98.13(8)°.

Fig. 1. Observed, calculated and difference intensi-
ties of ND data for [(Ca0.98Y0.02)2CoO3]0.62CoO2
(x=0.02).
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