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IntroductIon

The mineral group of pyroxene-type compounds has a rich 
crystal chemistry. Li-bearing clinopyroxenes are especially 
known to show various structural phase transitions (Redham-
mer and Roth 2004a, 2004b; Cámara et al. 2009; Tribaudino 
et al. 2002, 2009; Nestola et al. 2008, 2009). Pyroxenes with 
divalent cations M2+TO3 display complex P-T phase relations 
with both orthopyroxene and clinopyroxene as stable modifica-
tions (Redhammer et al. 2010b). In addition to their relevance 
in geosciences, the pyroxenes have gained increasing interest 
in recent years in solid-state physics due to the observed multi-
ferroic behavior at low temperatures (Jodlauk et al. 2007). In a 
more general context, these compounds are interesting model 
systems to study magnetic properties at low temperatures char-
acterized by a competitive interaction within and between the 
quasi-1D infinite chains of transition metal-bearing octahedral 

sites. As part of our ongoing research of the magnetic properties 
of pyroxenes, we have investigated a series of compounds using 
neutron diffraction, including pyroxenes with Ca on the M2 site 
and with Fe2+, Co2+, Ni2+, and Mn2+ (Redhammer et al. 2008) 
on the M1 site; LiFeSi2O6 (Redhammer et al. 2001, 2009); and 
LiFeGe2O6 (Redhammer et al. 2009) as well as NaFeGe2O6 and 
NaFeSi2O6 (Redhammer et al. 2011a). To elucidate the influence 
of the M2 sites on magnetic ordering, the germanate compounds 
CoGeO3 (Redhammer et al. 2010b) and MnGeO3 (Redhammer et 
al. 2011b) were studied, which yielded similar spin structures as 
in the corresponding Ca-bearing pyroxenes, however with dis-
tinctly higher ordering temperatures. As a continuation of these 
investigations, the magnetic properties in monoclinic FeGeO3 
were studied; as shown below, this compound can be seen as a 
model system for clino-ferrosilite FeSiO3.

FeGeO3 was first reported by Royen and Forweg (1963) and 
later on by Takagama and Kimizuka (1991), who identified it to 
be a pyroxene-type material. Synthesis of quite large FeGeO3 
crystals (up to 2–3 mm) using chemical vapor transport tech-* E-mail: guenther.redhammer@sbg.ac.at
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abStract

The clinopyroxene-type compound FeGeO3 was synthesized using ceramic sintering techniques at 
1273 K in evacuated silica tubes and investigated by powder neutron diffraction between 4 and 300 K, 
X-ray diffraction, SQUID magnetometry, and 57Fe Mössbauer spectroscopy. The title compound shows 
space group C2/c symmetry (high pressure, HP-topology) between 4 and 900 K. No structural phase 
transition is present within this temperature interval, whereas lattice parameters show discontinuities 
around 50 and 15 K, which are due to magnetic phase transitions and the associated magneto-elastic 
coupling of the lattice. The magnetic susceptibility data show two maxima in their temperature de-
pendence, one at ~47 K, the second around 12 K (depending on the external field), indicative of two 
magnetic transitions in the title compound. Neutron data shows that for T < 45 K, FeGeO3 orders 
magnetically, having a simple collinear structure, with space group C2/c, and with the spins aligned 
parallel to the crystallographic b-axis, both on M1 and M2. The coupling within the M1/M2 band is 
ferromagnetic, whereas between them it is antiferromagnetic. As the bulk magnetic measurements 
in the paramagnetic state revealed a dominating ferromagnetic coupling, the intra-chain interactions 
dominate the inter-chain interaction. At 12 K, additional magnetic reflections appear, revealing a 
second magnetic phase transition. Spins are rotated away from the b-axis toward the a-c plane. The 
coupling within the M1 chain is still ferromagnetic and antiferromagnetic between the M1 chains. 
However, spins on M1 and M2, are no longer collinear. The moment on the M2 site is rotated further 
away from the b-axis than on M1.
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