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0. Abstract
Refinement of the structure of Nag 74(2)CoO, was carried out using neutron
diffraction data. The material was indexed using the hexagonal P63/mmc space

group with lattice parameters a = 2.840(1) A and ¢ = 10.811(1) A. High
resolution neutron powder diffraction data of the layered metal oxide were
analysed ab initio to reveal a structure with alternating sodium layers intercalated
between octahedral sheets of cobalt oxide (CoOg). The two sites available for

occupancy by the sodium ion in the sodium layer of the unit cell are (2/3 1/3 1/4)
and (0 O 1/4). The sodium ions occupy the two available sites unequally (the

probability of finding sodium ions at one site being approximately twice that for

the other site) due to the influence of second nearest neighbour cobalt ions.

1. Introduction

Extensive studies have been made on non-stoichiometric compounds which can reversibly incorporate
foreign atoms in their lattice without modification of the local configuration of the atoms or
crystallographic structure. Interest has been shown in the layer dichalcogenides some of which have
been shown to be useful cathodic materials for solid state batteries.

Relevant to this work are the layer dichalcogenides NayCoO7 and LiyCoO;. Delmas, Braconnier,

Fouassier and Hagenmuller [1] have reported that the non-stoichiometric alkali metal cobalt oxides are
metallic, while stoichiometric NaCoO, is a semiconductor. They also calculated that Nay 7CoO; 96 has

the largest theoretical energy density (260 Whkg!) of the NayCoO, materials that they investigated

when incorporated into electrochemical cells. Mizushima, Jones, Wiseman and Goodenough [2] found



that the related LiCoO, material has an even higher theoretical energy density (1.1 kthg‘l) when used

as cathodic material.
Delmas et al [3] have reported on "Soft chemistry in AxMO; sheet oxides". Solid-state reaction

studies of the NayCoOs (x < 1) system by Delmas et al [1] have shown the existence of four distinct
phases, all with layer structures. In all these phases the lattice is built up by sheets of edge sharing
CoOg octahedra between which the sodium ions are intercalated within a trigonal prismatic or octahedral
environment.

Previous work by us [4] on the structure of Li 43Na 36C001 9¢ led to refining the structure of one of
these phases, Nap 74Co0O;, as this material is used as one of the starting products for the reaction to
produce the Li 43Na 36C001 9¢ material.

2. Experimental

Nag.74Co0; was prepared using the following analytical grade reagents:

NayCO3 + 2CoCO3 + 1/209—>2Nag 74C005 + 3CO, 1+0.52Nat

The mixture was ground in a mortar and pestle and left to react for one day in a 10 cm3 ceramic

crucible at 850°C in an air atmosphere. The d spacings from X-ray powder diffraction indicated that the
product material was Nag 7Co01 9¢ [JCPDS reference].

3. Neutron diffraction studies

The neutron powder diffraction data was collected using the high resolution powder diffractometer at
the Lucas Heights HIFAR research reactor described by Howard et al [5] but now with 8 detectors at 6°
intervals. The wavelength of neutrons used was 1.377(2) A.

From systematic reflection absences in the neutron powder pattern of the Nag 74CoO, material three

space groups, P63/mmc, P63mc, P6 2c, were possible. The highest symmetry hexagonal space group,
P63/mmc, was finally chosen as it described the refined structure equally well.

For neutrons oxygen has the highest scattering length of all the atoms in the structure. On this basis
the oxygen stacking structure was solved, ab initio, using direct methods with 26 reflections by the
SHELXS-86 program [6]. Oxygen atoms are 'heavy atoms' relative to Co and Na for neutrons. The
Patterson method used in SHELXS indicated that the oxygen atoms were at (1/3, 3/2, £0.088). The
remaining Co and Na atoms were 'stacked' within the oxygen structure according to expectations from
the structure of Li 43Na 36C00O1 9¢.

The Reitveld [7, 8] method was then used to refine the structure and determine if any preferential
filling of the available lattice site for sodium was occurring. The Na concentration was determined to be
0.74(2) Na atoms per formula unit. As in Li 43Na 36C001 96 the sodium ion occupies the (2/3 1/3 1/4)



site about half the time (or is half full all the time), The (0, O, 1/4) site is occupied about 1/4 of the time
and the (1/3, 3/2, 1/4) site is not used at all. The refinement produced the results given in Table 1.

The (2/3, 1/3, 1/4) site is within a trigonal prism of oxygen atoms whereas the (0, 0, 1/4) site is within
a trigonal prism of oxygen atoms with a cobalt atom centrally placed above and below the trigonal
prism. The effect of this cobalt charge on the sodium occupancy of the (0, 0, 1/4) site is quite marked.

Table 1
Neutron powder diffraction data for Nag.74(2)Co0O2. Space Group P63/mmc; hexagonal axes a = 2.8400(1) A, ¢ =

10.81 13(3) A. Density calculated is 4.72 g cm™3

~ X Y z B(A2) atoms/unit cell
Co 0 0 0.5 0.27(5) 1.0
Na(1) 0 0 0.25 1.3(1) 0.23(1)
Na(2) 2/3 1/3 0.25 1.3(1) 0.51(1)
~ 0 1/3 2/3 0.0913(1) 0.54(2) 2.0
Bragg R = 3.45 Rp = 5.50Rwp = 6.88 Rexp =4.09 where
—
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where iy, is the 'observed' integrated intensity of reflection k
calculated at the end of the refinement after apportioning the
intensity observed at each angular step, y;,,, between the
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where N is the number of observations, P is the number of adjusted

(iv) The expected R,,, =

parameters and w; the weight assigned to each step intensity.

Figure 1 shows the projections onto the (001) plane of elements in the Nag 74CoO; structure.



Figure 1: Projection onto the (001) plane of atoms in the Nag 74C00O; structure. The z values in the

unit cell are given.

4. DISCUSSION

The structure of Nag 74Co003 is illustrated in figure 2. The oxygen packing in the structure is AABB.

There are two CoOg sheets per unit cell. The Nat ion is intercalated within a trigonal prismatic sites

between the CoOg sheets. The Nat ion has two positions available in this lattice .

Analysis of structure factors yielded a better result with a sodium occupancy factor of 0.23(1) at the
(0 0 z)site and 0.50(1) at the (2/3 1/3 z) lattice site. This former site has the Co3+ ion above and below
it in the second layer and this probably accounts for the sodium ion spending on average less time at
this site.

The bottleneck radius for sodium in this material is calculated to be 0.81 A. The ionic radius of Nat
given in the Handbook of Chemistry and Physics (1991) is 0.97A. This suggests that the sodium ion
can move freely through this material as there is a tunnel available for motion in this material. Figure 5
shows the directions in which the sodium ions can move in the plane between the two oxygen sheets
surrounding it in the Nag 74C0o0O; material. The sodium ion prefers to occupy the position which does
not have the cobalt ion above it in the second nearest layers. Due to the large tunnels (0.81A) between

the faces of the oxygen ions above and below the sodium ion position, ionic conduction of sodium ion
through this material can occur by the direct movement of the sodium ion.
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Figure 2: The structure of Nagy 74Co0O7 showing occupancy of the two Sodium sites in the material and

oxygen packing. © Oxygen. ® Cobalt. ©Sodium site with 2/3 occupancy, @ Sodium site with 1/3
ygen p

occupancy.

Preliminary conductivity measurements of this material shows its resistivity decreases with
temperature. As ionic conduction increases with temperature it appears that there is a mobile ion species
in this material. Relative ionic to electronic conductivity is unknown.

Both the stoichiometric LiCoO> [2] and NaCoO; [9-12] have been identified as cathode materials of

high energy density and good reversibility when used in solid state battery systems. The NaCoO»

material has higher electronic conductivity than ionic conductivity at room temperature.
It should also be noted that the structure refined with a oxygen occupancy of 2.00. Previously this
material has been reported as Nap7C00;] 9¢ indicating an oxygen defect structure. However our

refinement with neutrons using Reitveld does not support this formula. Our analysis determined the
material to be Nag 74CoO».
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Figure 3: Pathways for sodium ion movement between oxygen layers in the Nag 74CoO> structure.
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