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Abstract
The crystal structure and crystal chemistry of two natural pollucite samples, from Buckfield, Oxford
County, Maine (sample M3), and from Kanzit Mawaie, Laghman, Nooristan, Afghanistan (sample N5),
have been investigated by means of wavelength-dispersive X-ray microanalysis, thermogravimetric
analysis, single-crystal X-ray and neutron diffraction, and single-crystal Fourier-transform infrared
spectroscopy. The X-ray and neutron diffraction patterns of the two pollucite crystals show a metrically cubic unit cell [with aM3 = 13.6914(6) Å and aN5 = 13.6808(6) Å by neutron diffraction data; the
deviation from isometry is <1.5σ(li), where li is the unrestrained unit-cell length] and the reflection
conditions are consistent with the space group Ia3d. Anisotropic neutron structural refinements gave
final agreement indices: R1 = 0.0543 for 32 refined parameters and 372 unique reflections with Fo >
4σ(Fo) for M3 and R1 = 0.0693 for 31 refined parameters and 331 unique reflections with Fo > 4σ(Fo)
for N5. The structure refinements show a disordered Si/Al-distribution in the tetrahedral framework.
The analysis of the difference-Fourier maps of the nuclear density confirms the presence of extraframework water molecules with oxygen sharing the Cs site (at 1/8, 1/8, 1/8, Wyckoff-16b position).
However, the minima, ascribable to the proton sites, are very weak in density. Two possible proton
positions, leading to a reasonable H2O configuration, are given, and the possible hydrogen bonding
is described. Sodium is located at 1/4, 1/8, 0 (Wyckoff-24c position). The main IR absorption bands
in the regions typical of H2O are assigned, and the presence of hydroxyls in the studied samples is
ruled out. Neutron diffraction and FTIR data agree with the presence of very weak hydrogen bonds
in the structure. The detailed description of the crystal structure and crystal chemistry of pollucite
(e.g., Si/Al-distribution, configuration of the extra-framework content, possible hydrogen bonding
scheme) reported in this study is the key to understand the high thermo-elastic stability of pollucite,
the immobility of Cs at non-ambient conditions, and the extremely low leaching rate of Cs, which
make this open-framework silicate a promising material with potential use for fixation and deposition
of Cs radioisotopes.
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Introduction
Pollucite is classified as the Cs-dominant natural zeolite of
the “analcime group” (Coombs et al. 1997), although, owing
to its rather sluggish cation exchange and hydration/dehydration behavior, it has often been referred to as a feldspathoid.
It has ideal formula: (Cs,Na)16Al16Si32O96⋅nH2O (with Cs + n
= 16); Rb, K, Li, Ca, and Fe3+ occur as common substituting
elements. Pollucite occurs in the most fractionated of lithiumcesium-tantalum (LCT) granitic pegmatites, in association with
spodumene or petalite and eucryptite, albite, microcline, quartz,
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Li-bearing tourmaline (elbaite), and less frequently with beryl,
cassiterite, and Be-Li phosphates like beryllonite, amblygonite,
and montebrasite, and zeolites like chabazite-Na, harmotome,
and stilbite-Na.
The crystal structure of pollucite was first solved by NáraySzabó (1938), and later reinvestigated by Newnham (1967) and
Beger (1969). Newnham (1967) also reported the near-infrared
absorption spectrum of a natural pollucite; the Raman spectra of
natural and synthetic pollucite samples were recently reported by
Presser et al. (2008). Crystallochemical investigation of natural
pollucite samples from several localities have been reported by
Černý (1974), Legache (1995), and Teertstra and Černý (1995); in
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