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The CaFe2O4 (calcium ferrite)-type struc-
ture can be described using a general for-
mula AB2O4 (A= alkali or alkali-earth ion;
B= transition-metal ion), which crystal-
lizes in an orthorhombic structure with lat-
tice constants a˜9 A, b˜3 A, and c˜10 A
(space group: Pnma), built of eight-fold-
coordinated A atoms and distorted BO6
octahedra. The BO6 octahedra form an
edge-sharing one-dimensional (1-D) dou-
ble chain network along the b-axis, in
which unique quantum behavior charac-
teristic of low-dimensional system may oc-
cur due to strong correlation between elec-
trons. Recently, we found a new member
of the calcium-ferrite-type structure family,
CaCo2O4 ± d, by utilizing high-pressure
synthesis technique, and found that the
compound can exhibit comparatively large
thermoelectric power (>150 microV/K),
even though it has finite density of states
at Fermi level [1]. This large thermoelectric
power may be attributed to residual spin
entropy due to orbital degeneration, or dis-
tinctive dispersion of the Co t2g bands
around Fermi level [2]. In this short paper,
we report structural parameters precisely
refined using Rietveld analysis with neu-
tron diffraction data, and evaluate bond va-
lences of the Co ions in order to find which
crystallographic site, Co1 or Co2, is prior to
another site for hole doping.

Polycrystalline sample of CaCo2O4 pre-
pared from a solid-state reaction under 7.7
GPa and 1,600 °C was used for the neutron
diffraction experiments. Diffraction data
were collected using the HERMES diffrac-
tometer (IMR, Tohoku Univ.) at room tem-
perature in a step size of 0.1 deg. over a
2theta range of 3-152.9 deg. using 150 3He
counters set at 1 deg. intervals. Incident
thermal neutron beams were monochrom-
atized to a wavelength of 1.8204 A with

the 331 reflection of a bent-crystalline Ge
monochromator. Structural refinement was
performed using the Rietveld analysis pro-
gram RIETAN-2000 [3]. Initial structure
models and parameters were constructed
using the results of the X-ray Rietveld anal-
ysis in ref. 1.

Figure 1 shows a powder neutron
diffraction pattern of CaCo2O4 for the
Rietveld analysis. Some of small extra
reflections were purposely excluded
from the observed data to improve the
reliability factors. The data elimination
between 77.0 and 77.9 deg. is due to ma-
chine trouble of a 3He counter amplifier.
The resultant reliability factors obtained
from the refinement were Rwp=3.32%,
Rp=2.55%, RI=1.66%, RF=0.94%, and
S=1.2787. The obtained positional param-
eters and isotropic thermal displacement
parameters are summarized as follows;
x=0.7609(2), z=0.6630(2), B=0.46(3) A2 for
Ca; x=0.4161(4), z=0.0975(3), B=0.16(4)
A2 for Co1; x=0.4434(4), z=0.6102(3) for
Co2; x=0.1974(1), z=0.1554(1), B=0.22(1)
A2 for O1; x=0.6141(1), z=0.0225(1) for
O2; x=0.5309(1), z=0.7886(1) for O3;
x=0.4187(1), z=0.4279(1) for O4. The
constraints are B(Co2)=B(Co1) and
B(O4)=B(O3)=B(O2)=B(O1). All the y-
values are fixed at 1/4, because all the sites
are 4c sites of the space group Pnma. Lat-
tice parameters refined were a=8.7911(1)
A, b=2.90398(5) A, c=10.2767(1) A, and
V=262.357(7) A3. Bondlengths were calcu-
lated using the structural parameters and
resulted as follows; 1.903(4) A for Co1-O2;
1.921(2) A for Co1-O3 (× 2); 1.924(2) A
for Co1-O2 (× 2); 2.013(4) A for Co1-O1;
1.886(3) A for Co2-O4; 1.931(2) A for
Co2-O4 (× 2); 1.963(2) A for Co2-O1 (× 2);
1.988(4) A for Co2-O3. The bond valences
were calculated from the Co-O distances.
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The values are +3.1 for the Co1 sites and
+3.0 for the Co2 sites. It suggests that
holes should be doped into the Co1 site
rather than the Co2 site at least in lightly
doped phases, for example, obtained by Na
substitution for the Ca site. The structural
parameters refined in this work would be
utilized for ab-initio band calculation to
determine electronic structure of CaCo2O4
in near future.
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Fig. 1. Powder neutron diffraction pattern of
CaCo2O4 for the Rietveld analysis.


