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aBstract

Natural single-crystal specimens of the montebrasite/amblygonite series from Brazil, with general 
formula LiAlPO4(F,OH), were investigated by electron microprobe, Raman spectroscopy, X-ray dif-
fraction, and infrared absorption. Since little is known about impurities and their local symmetries, 
electron paramagnetic resonance (EPR) was applied. Six different paramagnetic impurities and radia-
tion defects were detected by EPR. Three of them, all substituting for Al3+ ions, namely, iron (Fe3+), 
vanadium (V4+), and niobium (Nb4+) impurities were characterized in this work. The Fe3+ (3d5)-related 
EPR spectra and angular dependencies show occupation of low-symmetry sites that are revealed in 
the high asymmetry parameter of the electronic fine structure, E/D = 0.27. Vanadium and niobium 
impurities are identified through their typical strong hyperfine interactions. Both form interesting 
examples for which the properties of 3d1 ion (V4+) and 4d1 ion (Nb4+) in the same host matrix can 
be compared. It is shown that both ions form complex defects of type VO2+ (vanadyl) and NbO2+ 
(niobyl), showing superhyperfine interaction with two equivalent hydrogen ions and not to fluorine. 
The EPR rotation patterns are analyzed in detail for three mutually perpendicular crystal planes. Spin 
Hamiltonian parameters are calculated and discussed.

Keywords: EPR, montebrasite, amblygonite, Fe, Nb, niobyl, V, vanadyl

iNtroDuctioN

Montebrasite and amblygonite are lithium aluminum 
phosphate minerals that, together with spodumene, are natural 
resources of Li for an increasing battery market. These two 
minerals together with apatite are also important as phosphorous 
source for fertilizers in agriculture. Rarely, they are found with 
good crystalline quality for the gemstone market. Montebrasite 
and amblygonite are common minerals in lithium-bearing gra-
nitic pegmatites. Amblygonite and fluorine-rich montebrasite 
occur as primary minerals, whereas fluorine-poor montebrasite 
occurs as secondary mineral after hydrothermal or metasomatic 
processes, giving important petrogenetic informations. Monte-
brasite and amblygonite form a complete solid solution with ideal 
chemical composition LiAlPO4(Fx,OH1–x). Lithium substitution 
by Na has been reported, but it should not take part of the mon-
tebrasite/amblygonite structure (Groat et al. 1990). Indeed, the 
sodium equivalent for amblygonite is lacroixite with chemical 
formula NaAlPO4F. Lacroixite has a monoclinic structure with 
space group C2/c, being isostructural to titanite (CaTiSiO5).

The crystal structures for both compounds montebrasite and 
amblygonite have been determined initially in the late fifties 
(Simonov and Belov 1958; Baur 1959), and refined later by 

Groat et al. (1990). Compared to lacroixite, their space group 
symmetry is reduced to triclinic C1 because the Li site position is 
split into two off-center positions, which depend on the fluorine 
content. The distance between the two off-center Li positions 
is about 0.2 Å for montebrasite (OH-rich) and about 0.4 Å for 
amblygonite (F-rich). Although the structures of both minerals 
are related to the titanite structure, which is known to contain 
high concentrations of impurities, for natural amblygonite and 
montebrasite specimens little is known about impurity substitu-
tion, incorporation, color, and their local symmetry.

The triclinic montebrasite (amblygonite) structure C1 is 
described by a primitive unit cell with parameters: a = 5.178 
(5.19), b = 7.123 (7.12), and c = 5.053 (5.04) Å with α = 112.03° 
(112.03°), β = 97.9° (97.82°) and γ = 67.81° (68.12°) and Z = 2 
(Groat et al. 1990). The crystal structure of montebrasite is shown 
in Figure 1. The structure is characterized by distorted AlO4(OH)2 
octahedra, which are interconnected along the c-axis by (F, OH) 
ions. Laterally, these are connected by nearly perfect PO4 tet-
rahedra. The octahedra and tetrahedra form cavities, which are 
occupied by Li ions in two slightly different off-center positions. 
Also the two Al octahedra of the unit cell, Al(1)O4(F,OH)2 and 
Al(2)O4(F,OH)2, are structurally slightly different. For the first 
octahedra the distances to the oxygen ligands are 1.900, 1.899, 
and 1.918 Å and for the second one 1.906, 1.856, and 1.920 Å 
(Groat et al. 2003). If we omit the Li off-center positions the * E-mail: klaus@fisica.ufmg.br


