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Abstract

A Mössbauer study of synthetic leucophosphite, KFe2(PO4)2(OH)·2H2O is reported. The sample 
was prepared by the reaction of synthetic goethite (α-FeOOH) with a K-phosphate solution of pH 2 
at 373 K for 20 days. The obtained cell parameters are a = 9.771(1), b = 9.675(2), c = 9.747(2) Å, β = 
102.45(1)°. The Mössbauer spectra from 295 K down to 40 K show the existence of two Fe3+ doublets 
with ∆EQ1 ≈ 0.62 mm/s and ∆EQ2 ≈ 0.91 mm/s (at 80 K), respectively, whereas for lower temperatures 
the spectra are composed of two sextets with Hhf1 ≈ 48.3 T and Hhf2 ≈ 48.8 T at 4.2 K. The magnetic 
transition temperature was determined to be 36 K from a Mössbauer thermoscan experiment. The 
magnetic ordering is presumed to be antiferromagnetic. The temperature variations of the hyperfine 
fields cannot be explained by the simple molecular field approximation. Using a model that takes 
into account the exchange magnetostriction associated to a non-second-order transition, an excellent 
reproduction of the Hhf(T) curves was obtained. 
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Introduction

Leucophosphite is an iron-potassium phosphate with ideal 
composition given as KFe2(PO4)2(OH)·2H2O. It was originally 
described by Simpson (1932) as a chalk-like material from 
Weelhamby Lake, Ninghanboun Hills, Western Australia. Ap-
parently that leucophosphite species was formed by the reaction 
of bird guano with serpentinite rock. Later, leucophosphite was 
also found in other guano deposits (Simmons 1964; Wilson and 
Bain 1976), in pegmatite deposits (Lindberg 1957; Bhaskara and 
Adusumilli 1966; Leavens and Simpson 1975), and in lateritic 
crusts (Tiessen et al. 1996). The crystal structure of leucophos-
phite was determined by Moore (1972) who showed that this 
mineral possesses an atomic arrangement that is based on an 
octahedral tetramer involving an edge-sharing dimer (hereafter 
called Fe2 sites) that further links by corner sharing to two other 
octahedrons (Fe1 sites). The edge-sharing octahedrons possess 
two OH– groups in cis position along the shared edge. The two 
other octahedra each have a water molecule at the corner that 
is in cis position with respect to the shared corner. The K ions 
and one water molecule per formula unit are located in channels 
that run parallel to the b and c crystallographic axes. Perspec-
tive views of this arrangement of octahedrons and phosphorous 
tetrahedrons are represented in Figure 1, clearly showing the two 
distinct Fe3+ sites, Fe1 and Fe2, which are present in the structure 
with equal abundances. 

The structure is closely related to that of other phosphate 

minerals, such as spheniscidite, NH4[Fe2(PO4)2(OH)]·2H2O 
(Cavellec et al. 1994, 1997; Choudhury and Natarajan 1999), 
and tinsleyite, KAl2(PO4)2(OH)·2H2O (da Costa and Viana 
2001). Moore (1972) further reported that the space group for 
leucophosphite is P21/n with cell parameters a = 9.782(9), b = 
9.658(9), c = 9.751(9) Å, and β = 102.24(12)°.

Synthetic leucophosphite has been prepared by Dick and 
Zeiske (1997) by the reaction of goethite (α-FeOOH) with a K-
phosphate solution of pH = 2 at 373 K for 5 days. They obtained 
a sample with cell parameters: a = 9.756(3), b = 9.664(3), c = 
9.769(4) Å, β = 102.43(2)°. A similar procedure was applied for 
the synthesis of the leucophosphite sample used in the present 
study. For the first time, in this contribution Mössbauer spectra 
acquired in the temperature range between 4.2 and 295 K are 
reported and the magnetic features below the ordering tempera-
ture (~36 K) are presented and discussed.

Experimental methods
The leucophosphite sample was prepared by the reaction of 2.35 g of synthetic 

goethite (α-FeOOH) with 250 mL of a 1 M K-phosphate (K2HPO4) solution of 
pH = 2 at 373 K in a flat-bottom boiling flask under vigorous stirring. After 20 
days of synthesis the reaction medium was composed of agglomerated particles 
deposited on the bottom of the flask, and of very fine particles in suspension. 
The agglomerate was subsequently washed several times with distilled water and 
afterward dried at 40 °C. The powder X-ray diffraction (XRD) pattern, obtained 
with a Shimadzu XRD-6000 diffractometer operating with Fe radiation and Mn 
filter, showed that the dried agglomerate is a pure leucophosphite phase. The XRD 
pattern was scanned in the 2θ range between 10 and 50° at a scanning speed of 
0.5 °/min. Silicon was used as an internal standard. Cell parameters were refined 
by means of the Jade+ program using least-square refinement after subtracting the 
background and the Kα2 contribution and using intensity and angular weighting 
of the 26 most intense peaks. * E-mail: valdirene.gonzaga@ugent.be


