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Abstract

PACS: 61.12.—q; 61.66.Fn; 65.40.—b
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The structure of the non-stoichiometric pyrochlore NaW,Og - nH,O has been refined from powder neutron diffraction data using the
Rietveld method. The stoichiometry found from the structural refinements is Nag gs2)W2.022)06 - 0.92(5)H,0 in good agreement with
other analytical studies. The Na cation is seven-coordinated bonding to six framework oxygen atoms and one oxygen atom from the
water. The refinements show a disordered H,O molecule to be present with the O(2) on a 32e site and the H(1) 48f site.
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Introduction

The structural, electrical and physical properties of
pyrochlore-type oxides have long been of interest in
Materials chemistry [1]. Following the earlier work of
Moller [2] on the use of pyrochlores as ion exchangers to
femove radioactive Sr-90 and Cs-137 from intermediate
level liquid waste, we have been interested in the ion-
exchange properties of a number of defect tungsten
Pyrochlores of the type NaW,Og - nH,O.
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Wycoff position (0,0,0) and the X-type anion occupies the
48f site (x, , §). In the ideal cubic structure, there is only
one variable positional parameter, x. If x>0.3125 the
octahedra are compressed in the [111] direction, and if
x<0.3125 the octahedra are elongated in the same direction.

The most promising ion-exchange materials are pro-
duced using hydrothermal methods; these have small
particle sizes, high surface areas and tend to contain
additional water molecules within the structure. A number
of studies aiming to establish the distribution of the water
molecules in the pyrochlore form of antimonic acid and
pyrochlores of other compositions have been reported
[3-7]. The role of these water molecules in influencing the
favorable ion-exchange properties of NaWOQOg-nH,O is
unknown and a crucial first step in understanding this is
establishing the precise structure of this material.

In this report, we describe powder neutron diffraction
structural studies of NaW,Og4-nH,0O and the nature of
cation/water distribution within the pyrochlore channels.

Experimental

Powder neutron diffraction data were collected on
the medium resolution powder diffractometer (MRPD)
instrument (4 = 1.6649 A) at the HIFAR facility, of the
Australian Nuclear Science and Technology Organisation
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(ANSTO). The sample, prepared using D20 as solvent, was
sealed into a vanadium sample can and placed into 2 closed
circuit cryostat. A powder neutron diffraction pattern was
¢ angular range of 6-132° in

collected at 10K, over th
increments Of 0.1°. The structure was refined by the
Rietveld method [8] with RIETICA [91. 4 16c 0.000 00
The structure model was based on that described by 13?1) i;g(fi ((ig(i(zi 5G) %5122 0‘2353((3
Slade et al. [10] for antinionic aci.d [HSbO3 - 0.5H,0]. o) 16 0.393(2) 0.393(2) 0.04103)
Initial refinements Were carried out with a fixed x value of  H(Q) 48f 0.52103) 0.125 0.067(4)
0.3139 for 0o(1) and 0.4214 for H(1). Only once the
.e Framework atoms .
refinement had converged was the pomhon and occupancy  w-O(1) 6 L947(1) A BVS W 6.0
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The refined cubic lattice parameter for NaW,Os- nH,0 H-O(1) 2.08(3) A
is 10.339(1) A, the larger than usual error in this being a H-0(2) 0.96(4) A
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Fig. 2. Top: r i

e thIe) ar:::;se:lltation of NaW,0g-nH,0 perpendicular to [111]

oi B0 (dark Sphere)ent gf the W06 octahedra and the general locations

e and Na (light sphere) in the channels. Note the

L n Fhe channels of H,O. Bottom: representati

v e positions of the O(2) (centre) and possible h g
0 O(1) located on octahedra vertices poestle R
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