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THE CRYSTAL STRUCTURE OF COBALTARTHURITE 
FROM THE BOU AZZER DISTRICT, MOROCCO: THE LOCATION OF HYDROGEN 

ATOMS IN THE ARTHURITE STRUCTURE-TYPE
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ABSTRACT

The crystal structure of cobaltarthurite, ideally Co2+Fe3+
2(AsO4)2(OH)2•4H2O, monoclinic, P21/c, a 10.2635(9), b 9.7028(8), 

c 5.5711(5) Å, � 94.2070(10)°, from Khder, Bou Azzer district, Morocco, has been refi ned to R1 = 1.8%, wR2 = 6.4% using 
1343 unique [Fo > 4�(Fo)] refl ections collected with a Bruker 1K SMART Platform CCD diffractometer and MoK� radiation. 
This is the best determination of the structure of an arthurite-group mineral yet obtained, and for the fi rst time has allowed the 
determination of hydrogen positions. The hydrogen bonding scheme proposed in previous studies on arthurite-group minerals 
is confi rmed with one change.
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SOMMAIRE

La structure cristalline de la cobaltarthurite, dont la composition idéale est Co2+Fe3+
2(AsO4)2(OH)2•4H2O, monoclinique, 

P21/c, a 10.2635(9), b 9.7028(8), c 5.5711(5) Å, � 94.2070(10)°, provenant de Khder, district de Bou Azzer, au Maroc, a été 
affi née jusquʼà un résidu R1 de 1.8% (wR2 = 6.4%) en utilisant 1343 réfl exions uniques [Fo > 4�(Fo)] prélevées avec un diffrac-
tomètre Bruker 1K SMART à platteforme CCD et un rayonnement MoK�. Ces résultats de précision élevée ont permis la meil-
leure détermination de la structure dʼun minéral du groupe de lʼarthurite jusquʼà ce point, et pour la première fois, ont mené à 
la détermination de la position des atomes dʼhydrogène. Le schéma des liaisons hydrogène proposé antérieurement se trouve 
confi rmé, avec un seul changement.

 (Traduit par la Rédaction)
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INTRODUCTION

Cobaltarthurite was fi rst described by Jambor et al. 
(2002) from near Mazarrón, Murcia, Spain, where it 
occurs as globular to pellet-like aggregates of yellowish, 
radial fi bers and dark brown non-fi brous microscopic 
intergrowths. A Rietveld refi nement (Rwp = 0.077) by 
Raudsepp & Pani (2002) confi rmed the mineral to be 
isostructural with other members of the arthurite group: 
whitmoreite, Fe2+Fe3+

2(PO4)2(OH)2•4H2O, earlshan-
nonite, Mn2+Fe3+

2(PO4)2(OH)2•4H2O, ojuelaite, 
Zn2+Fe3+

2(AsO4)2(OH)2•4H2O, and arthurite, Cu2+

Fe3+
2(AsO4)2(OH)2•4H2O. Previously, structures had 

been determined for whitmoreite (Moore et al. 1974), 
arthurite (Keller & Hess (1978) and ojuelaite (Hughes 
et al. 1996). Hydrogen atom positions were not located 
in any of these structure determinations.

The discovery of distinct single crystals of cobal-
tarthurite at Khder in the Bou Azzer district, Morocco, 
by Georges Favreau prompted the current study. It was 
hoped that high-quality single-crystal data collected 
using a CCD detector would allow the location of 
hydrogen atoms and the confi rmation or revision of 
the hydrogen bonding scheme proposed in the earlier 
studies.

CRYSTAL-STRUCTURE REFINEMENT

A subhedral fragment of cobaltarthurite was used 
for the collection of structure data. Structure-data 
collection was performed on a Bruker PLATFORM 
three-circle goniometer equipped with a 1K SMART 
CCD detector. A full sphere of three-dimensional data 
was collected. Fifty duplicate frames acquired at the 
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end of the data collection indicated that no signifi cant 
decay had taken place. The measured intensities were 
corrected for Lorentz and polarization effects using the 
program SAINT, and an empirical absorption-correction 
was applied using the program SADABS (Bruker 1997). 
The SHELXL97 software (Sheldrick 1997) was used for 
the determination and refi nement of the structure.

The positions of all non-hydrogen atoms were taken 
from the earlier determinations of the structures of 
arthurite-group minerals. Refi nement of the structure 
with full occupancies assigned to the Co and Fe sites 
and with all displacement parameters considered to be 
isotropic yielded R1 = 3.06%. With all displacement 
parameters refined as anisotropic, R1 improved to 
2.21%. Attempts were made to refi ne the site occupan-
cies of the Co and Fe sites, including refi ning the Co 
site with joint occupancy by both Co and Fe. The best 
results were obtained by assigning only Co to the Co 
site. The site occupancies refi ned to 0.97 for the Co site 
and 0.98 for the Fe site, with R1 improving to 2.14%.

Difference maps showed peaks that could unambigu-
ously be assigned to all H atoms on the basis of bond-
valence considerations and reasonable hydrogen-bond 
geometries. The refi nement with all H atoms located at 
the sites provided by the difference synthesis improved 
the R1 to 1.80%, with the Co and Fe site occupancies 
refi ning to 0.95 and 0.99, respectively. Although it was 
possible to refi ne the hydrogen positions, this tended 
to result in somewhat less reasonable distances and did 
not improve R1. 

Electron-microprobe analyses of crystals closely 
associated with that used in the structure analysis 
provided the data given in Table 1. Only Co, Fe, Ca and 
As were detected. Assuming all Fe to be 3+ and the Fe 
site to be fully occupied by Fe, the empirical formula 
is (Co0.60Fe0.16Ca0.01)�0.77Fe2(AsO3.85OH0.15)2(OH)2•
4H2O, based upon 2.00 As atoms per formula unit. 
Clearly, the cation total (Co + Fe + Ca) provided by the 
EMP analyses (2.77 apfu) is signifi cantly lower that that 
provided by the structure determination (2.93 apfu).

Table 2 gives the details of the data collection and 
structure refi nement, Table 3, the fi nal fractional coor-
dinates and displacement parameters, Table 4, selected 
interatomic distances, Table 5, hydrogen bond distances 
and angles, and Table 6, the bond valences. A listing 
of the observed and calculated structure-factors can be 
obtained from The Depository of Unpublished Data, 

CISTI, National Research Council, Ottawa, Ontario 
K1A 0S2, Canada.

DESCRIPTION OF THE STRUCTURE

The structure of cobaltarthurite, as with other 
members of the arthurite group, is based upon a unique 
corrugated sheet of Fe3+–O octahedra. Each Fe3+–O 
octahedron shares an O1–O1 edge and two OH vertices 
with equivalent edges and vertices of adjacent octa-
hedra. Two remaining vertices (O2 and O4) are shared 
with AsO4 tetrahedra. Three of the four tetrahedron 
vertices link to octahedron vertices in the same sheet 
of Fe3+–O octahedra, whereas the remaining corner 
links to a Co2+–O octahedron. Two trans vertices of 
the Co2+–O octahedra link to AsO4 tetrahedra attached 
to different sheets, thereby forming bridges between 
the sheets. The four remaining Co2+ ligands are H2O 
molecules (OW1 and OW2). The corrugated sheet of 
Fe3+–O octahedra decorated with AsO4 tetrahedra is 
shown in Figure 1. The complete structure, including 
hydrogen bonds, is shown in Figure 2.

The hydrogen bonding scheme proposed by Moore 
et al. (1974) for whitmoreite and generally accepted by 
later investigators [Keller & Hess (1978) for arthur ite, 
Hughes et al. (1996) for ojuelaite, Raudsepp & Pani 
(2002) for cobaltarthurite] is confi rmed with one change. 
The hydrogen bonds are: OH–H…O2, OW1–H…O2, 
OW1–H…O3, OW2–H…O4, and OW2–H…OW1, the 
last of these being the only correction to the earlier-
proposed scheme.
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FIG. 1. Sheet of Fe3+–O octahedra with AsO4 tetrahedra in cobaltarthurite.

FIG. 2. Crystal structure of cobaltarthurite showing hydrogen bonds.
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