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aBstract

The crystal chemistry and crystal structure of hambergite from the Anjanabonoina mine, Madagascar 
[Be2BO3(OH)0.96F0.04, Z = 8, a = 9.762(2), b = 12.201(2), c = 4.430(1) Å, V = 527.6(2) Å3, space group 
Pbca], were reinvestigated by means of electron microprobe analysis in wavelength-dispersive mode, 
secondary-ion mass spectrometry, single-crystal X-ray and neutron Laue diffraction. Chemical analyses 
show only a small amount of F (0.7–0.8 wt%, approximately 0.04 atoms per formula unit) substituting 
OH and no other substituent at a significant level. An anisotropic neutron structural refinement has 
been performed with final agreement index R1 = 0.0504 for 76 refined parameters and 1430 unique 
reflections with Fo > 4σ(Fo). The geometry of the hydroxyl group and hydrogen bonding in hambergite 
is now well defined: (1) only one independent H site was located and the O4-H distance, corrected 
for “riding motion,” is ∼0.9929 Å; (2) only one hydrogen bond appears to be energetically favorable, 
with a symmetry-related O4 as acceptor and with O4⋅⋅⋅O4 = 2.904(1) Å, H⋅⋅⋅O4 = 1.983(1) Å, and 
O4-H⋅⋅⋅O4 = 157.5(1)°. In other words, O4 sites act both as donor and as acceptor of the hydrogen 
bond, with a zigzag chain of H-bonds along [001]. The hydrogen-bonding scheme in hambergite found 
in this study is consistent with the pleochroic scheme of the infrared spectra previously reported, with 
two intensive modes ascribable to stretching vibrations of the hydroxyl group, at 3415 and 3520 cm–1, 
respectively. The two modes suggest at least two distinct hydrogen-bonding environments, ascribable 
to the presence of oxygen and fluorine at the acceptor site.
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introDuction

Hambergite, ideal composition: Be2BO3(OH,F), is an uncom-
mon accessory mineral originally described from an alkaline 
syenitic pegmatite from Norway by Brögger (1890). However, 
the majority of hambergite occurrences are in complex Li-rich 
granitic pegmatites of the elbaite or transitional elbaite-lepidolite 
subtypes (e.g., Switzer et al. 1965; Novák et al. 1998 and refer-
ences therein).

The crystal chemistry of hambergite is somewhat unique in 
nature (B2O5 ≈ 36 wt%, BeO ≈ 54 wt%, H2O ≈ 8 wt%, F ≈ 2 
wt%). Its crystal structure was solved by Zachariasen (1931) 
in the space group Pbca with a ≈ 9.8, b ≈ 12.2, and c ≈ 4.4 Å. 
The experimental limitations at that time allowed the author to 
propose a general structure model only. However, for the first 
time it was found that the borate group exists as an almost perfect 
oxygen triangle with the boron atom at its center. These experi-
mental findings opened a new scenario in solid-state chemistry, 
leading Zachariasen (1934), for example, to solve the crystal 
structure of boric acid (H3BO3, triclinic polymorph), in which an 
identifiable BO3 triangle also exists, this time with a hydrogen 

bonded to each oxygen, and so suggesting that the structure is 
better written as B(OH)3. Later, the crystal structure of hamber-
gite was reinvestigated by Zachariasen et al. (1963) and Burns 
et al. (1995). The structure of this mineral contains two different 
building-block units: BeO3(OH) tetrahedra and BO3 triangles. 
Each non-hydroxyl oxygen atom of the BeO3(OH) tetrahedra is 
shared with another BeO3(OH) unit and a BO3 triangle (Fig. 1). 
The OH group is shared between two BeO3(OH) tetrahedra and 
the BO3 triangles lie in a plane parallel to [001] (Fig. 1). Such an 
inter-polyhedral connection leads to a framework-like structure, as 
shown in Figure 1, with distorted channels running along [001].

Vergnoux and Ginouvès (1955) reported polarized infrared 
spectra for hambergite, which indicate a bond angle for hydrogen 
(i.e., O-H⋅⋅⋅O) considerably smaller than 180°. Switzer et al. 
(1965) reported the crystal chemistry of hambergite crystals from 
several localities, and found that considerable F (up to 6 wt%, 
which corresponds to ∼0.3 atoms per formula unit, apfu) can 
replace OH in the structure. A comparative study of the crystal 
structure of hambergites from several localities and with different 
F content by Burns et al. (1995) showed that the F/OH substi-
tution causes a significant change of the unit-cell dimensions.

All previous investigations of the crystal structure and crystal 
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