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INTRODUCTION

Several studies of the nuclear and magnetic structures of
layered transition element hydroxides possessing the CdI2 struc-
ture have been reported (Christensen and Ollivier 1972; Greaves
and Thomas 1986; Parise et al. 1998a, 1994; Szytula et al. 1971)
but studies of Fe(OH)2 are rare (Lutz et al. 1994a). This is not
unexpected because this material’s sensitivity to oxidation and
pyrophoric behavior in the atmosphere make pure samples of
“white rust” difficult to obtain. A better understanding of its
structures and magnetism, however, are desirable given the im-
portance of Fe(OH)2 in the early stages of corrosion (Castro
and Vilche 1991) and its possible role in microbial action in
the environment (Ivanov et al. 1997), which were studied us-
ing magnetic techniques (Verkhovtseva et al. 1991).

The CdI2-related hydroxides in general are obvious model
systems for the investigation of hydrogen bonding in solids
(Fig. 1). This unique structure has hydrogen atoms isolated
between layers of metal ions in octahedral coordination with
oxygen. This arrangement allows both O-H···O and H···H in-
teractions to be studied in a series of isostructural materials
with variable metal acidity (Sherman 1991) and c/a-ratio. Sev-
eral theoretical (D’Arco et al. 1993; Sherman 1991), neutron
diffraction (Catti et al. 1995; Desgranges et al. 1996, 1993;
Lutz et al. 1994a; Parise et al. 1998a, 1998b) and spectroscopic
(Beckenkamp and Lutz 1992; Duffy et al. 1995; Kruger et al.
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ABSTRACT

The structure of Fe(OH0.86,OD0.14)2 was refined by applying the Rietveld technique to neutron
powder diffraction data collected at 300, 150, and 10 K. The nuclear structure, of the CdI2 type (P3

–

m1) and isostructural with Mg, Ca, Mn, Ni, and β-Co(OH)2, is maintained over the range of tem-
peratures studied. At 10 K, the magnetic structure is ordered antiferromagnetically, with the magnetic
moments aligned in the basal plane. The refined Fe2+ magnetic moment magnitude is 3.50(4) µB.
This magnetic structure (space group P2c1

–
) is unique amongst those encountered in the transition

metal dihydroxides, for which the moment is either directed along the c axis [β-Co(OH)2 and Ni(OH)2],
or at least has a considerable component along this direction [Mn(OH)2]. The dependence of the
strength of potential hydrogen bonds with temperature is discussed.

1989; Lutz 1995; Lutz et al. 1994a, 1994b, 1995; Lutz and Jung
1997; Nguyen et al. 1994, 1997) investigations concentrated
on characterizing the structures of these materials at both am-
bient and high pressure with the aim of understanding the de-
tails of hydrogen bonding. Although the pressure variable is
ideal for the study of these interactions, because large changes
in the c axis are expected in these highly anisotropic materials,
low temperature can provide a complementary variable to study
the details of these interactions (Hazen and Finger 1982).

Earlier low temperature investigations of the magnetic inter-
actions in these layered systems (Christensen and Ollivier 1972;
Szytula et al. 1971) suggest differences in the magnetic ordering
at low temperatures, with the moment antiferromagnetically or-
dered along the c axis in the case of Ni(OH)2 (Szytula et al. 1971)
and canted off the c axis in the case for Mn(OH)2 (Christensen
and Ollivier 1972). Preliminary results (Parise and Marshall in
preparation) suggest that the magnetic structure of β-Co(OH)2 is
similar to that of Ni(OD)2, and earlier measurements of the tem-
perature dependence of the magnetic susceptibility show char-
acteristic maxima for antiferromagnetic behavior at temperatures
of 34 K for Fe(OH)2, 30 K for Ni(OH)2, and 12.3 K for Co(OH)2.
Although the magnetic structures of the Ni, Mn, and Co hydrox-
ides have been investigated (Christensen and Ollivier 1972;
Greaves and Thomas 1986; Szytula et al. 1971), and are consid-
ered established, that of Fe(OH)2 remains unknown. This mate-
rial was characterized by neutron diffraction at room temperature
(Lutz et al. 1994a) but no description of its low temperature struc-
ture has been reported. We investigated the structure of this ma-
terial above and below the magnetic ordering temperature,
determined its magnetic structure and found it to be unique among
the CdI2-related hydroxides.*E-mail: John.Parise@sunysb.edu


