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INTRODUCTION

The formation of metal phosphates in metal-contaminated 
soil is increasingly recognized as a potentially cost effective in 
situ remediation technology (Cotter-Howells and Caporn 1996; 
Ma et al. 1993). Current methods of treating metal-contaminated 
soils essentially isolate the soil from the ecosystem by capping 
or removing the soil and dumping it elsewhere (Wood 1997). 
Clearly these methods are not sustainable. At present, one of 
the main challenges to using metal phosphate formation as a 
remediation technology is the identiÞ cation of an affordable 
phosphate source of appropriate solubility and dissolution rate. 
Previous experiments (Basta et al. 2001; Hodson et al. 2000a, 
2000b) indicated that bone meal (crushed sterilized bone) appears 
to be a suitable phosphorus source. 

Metal phosphates are highly insoluble (Nriagu 1984) and, it 
has been suggested, their low solubility renders metals in metal 
phosphates non-bioavailable. Thus the conversion of metals 
in metal-contaminated soils into metal phosphates represents 
a potential in situ remediation technique. Laboratory and Þ eld 
experiments on metal-contaminated soils using bone meal as 
a phosphate source indicate that bone meal additions reduce 
both metal release from metal-contaminated soils and metal 
availability as determined by chemical extractions (Hodson 
and Valsami-Jones 1999; Hodson et al. 1999, 2001). Extensive 
multi-technique characterization of the treated metal-con-

taminated soils and laboratory-reacted hydroxy apatites has 
revealed that in addition to mixed-metal hydroxy apatites, reac-
tion products can include hopeite, Zn3(PO4)2·4H2O (Chen et al. 
1997; Lusvardi et al. 2002; Cheung et al. 2002). The stability of 
these hopeite phases, and hence the non-bioavailability of Zn, 
is partly dependent upon formation conditions, with chemical 
conditions affecting the morphology of the phosphates (Rinaudo 
et al. 1994), and also aging/dehydration reactions (Haussühl et 
al. 1991) that in turn relate to the stability of the subsequent 
dehydration phases. In both instances, however, it is likely to 
be the hydrogen bonding which ultimately controls the stability 
of hopeite Zn3(PO4)2·4H2O.

Hopeite has received considerable study with respect to its 
use in the formation of corrosion resistant coatings on steel and 
its biomineralized appearance associated with surgical implants 
(Rolland et al. 1989). Three modiÞ cations of hopeite have been 
postulated (Goloshchapov and Filatova 1969; Nikonenko et al. 
1985; Al-Maydama et al. 1992) with α-hopeite the most com-
monly studied (Pawlig and Trettin 1999). The three modiÞ ca-
tions are indistinguishable using X-ray powder diffraction and 
seemingly differ primarily in their thermal behavior and the 
frequencies of the stretching modes of the water molecule in the 
mid-infrared region. As a consequence, the non-hydrogen atom 
positions are believed to be identical in each of the modiÞ cations, 
but there are differences in some of the hydrogen atom positions 
and hydrogen bonding within the three modiÞ cations (Hill and 
Jones 1976; Al-Maydama et al. 1992; Pawlig and Trettin 1999). 
The thermal expansion of synthetic hopeite has been studied 
within a limited temperature range (Haussühl et al. 1991) and 
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ABSTRACT

The lattice parameters extracted from Lebail analysis of neutron powder diffraction data collected 
between 2 and 300 K have been used to calculate the temperature evolution of the thermal expansion 
tensor for hopeite, Zn3(PO4)2·2H2O, Pnma, Z = 4 with a = 10.6065(4) Å, b = 18.2977(4) Å, c = 5.0257(2) 
Å at 275 K. The a lattice parameter shows a negative thermal expansion, the b lattice parameter appears 
to saturate at 275 K while the c lattice parameter has a more typical positive thermal expansion. At 
275 K, the magnitudes of the thermal expansion coefÞ cients are αa = �1.1(4) ×  10�5 K�1, αb = 2.4(9) 
× 10�6 K�1 and αc = 3.6(2) × 10�5 K�1. Under the conditions of these experiments, hopeite begins to 
dehydrate to the dihydrate between 300 and 325 K, and between 480 and 500 K the monohydrate is 
formed. The thermal expansion of the dihydrate has been calculated between 335 and 480 and at 480 
K the magnitudes of the thermal expansion coefÞ cients are αa = 1(2) × 10�5 K�1, αb = 4(1) × 10�6 K�1, 
αc = 4(2) × 10�5 K�1, αβ= 1(1) × 10�5 K�1, and αV = 2(2) × 10�5 K�1. The thermal expansion of hopeite 
is described in terms of its crystal structure and possible dehydration mechanisms for the α and β 
modiÞ cations of hopeite are discussed.
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