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SINGLE CRYSTAL X-RAY STUDY OF RHOMBOHEDRAL COBALT­
FLUORI NE (OH) BORACITE 

GUY BERSET, KLAUS YVON*, WULF DEPMEIER, ROLAND BOUTELLIER, 
and HANS SCHNID 
Laboratory of Applied Chemistry, and *Laboratory of X-ray 
Cristallography, University of Geneva, 30 (*24) quai Ernest­
Ansermet, CH-1211 Geneva 4, Switzerland 

Abstract Co3B7o13F(OH), space group R3c, a h=l2.0738(6) X, 
a h= 89.59(5) 0

, Z=6, residual R=0.059 (1970rreflections, 78 
p~rameters) . In contrast to cubic boracites the structure 
contains strong metal-halogen bonds (d(Co-F)=2.169(3) X). Some 
of the oxygen-boron bonds are considerably weakened. 

INTRODUCTION 

Due to the frequent occurrence of structural phase transitions only 

a few single crystal diffraction studies on non-cubic boracites have 

been reported to date1•
2

• A compound whic h does not transform into a 

cubic high-temperature modification up t o the de compos ition tempera­

ture i s Co
3

B
7
o

13
F(OH) which was found to be rhombohedral at r oom 

3 d bl . 1 . . 2 (( ) B temperature an presuma y ~sostructura t o er~catte Hg,Fe 
3 7 

o
13

cl) . In this paper we report its atomic coordinates a nd compare 

its struc ture to that of cubic boracites . 

EXPERIMENTAL 

Dark violet crystals of Co
3

B
7
o

13
F(OH), up t o 5 mm, were grown by a 

high-pressure technique (25Kb, 1000°C) similar to that des c ribed by 

Bither and Young
3

. The as-grown crys tal s showed pseudo-cubic {100}, 

{110} and {111} f acets. Each crystal consis ted of a single trigonal 

domain with an optical indicatrix of negat ive sign. The OH concen-

[10 17)/13 
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tration was derived from neutron activation and found to be less 

than 10 at%. A crystal fragment of prismatic shape (0.06x0.2x0.16 

mm) was prepared by polishing, and was investigated on a computer­

controlled four-circle X-ray diffractometer at room temperature (MoK 
Ct 

radiation) . The intensities of symmetry equivalent reflections and 

the systematically absent reflections were consistent with the propo­

sed space group R3c. Intensity data for 2358 unique reflections (1624 

with I>o(I)) were recorded and a full-matrix least-squares refinement 

f d b d h . d' f . . 2 
was per orme ase on t e atom1c coor 1nates o er1ca1te • Conver-

gence was obtained at R=0.059. (24 positional and 52 anisotropic 

thermal parameters). Results are listed in table 1. 

DISCUSSION 

Rhombohedral Co
3
B

7
o

13
F(OH) is isostructural to ericaite . Compared to 

cubic boracites (for a review of the latter see Nelmes
4
), its atomic 

arrangement differs mainly with re s pec t to the metal and halogen 

ligand spheres (see below), while the differences in the oxygen and 

boron atom network (mainly 0(1) and B(3)) are less pronounced and 

appear to be mainly a consequence of the changes in the former. 

(a) 

Fig. 1 
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(c) 

Atomic environment around Co (a), F(OH) (b), 0(1) and 

B(3) (c), in Co
3

B
7
o

13
F(OH). Thermal ellipsoids drawn at 

10% probability scale, distances in R. 
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The Co ion has four 0 and one F(OH) neighbours which form a distor­

ted square-pyramidal configuration (a). The distances to these li­

gands are short, in particular that to the F(OH) atom at the apex of 

the pyramid which suggests the formation of a strong metal-halogen 

(OH) bond. Evidence for the latter comes from the significant dis­

placement of the Co atom out of the oxygen least-squares plane by 

0.46 ~ towards the halogen ligand (displacement of (Mg,Fe) in ericaite 

0.32 ~). The second halogen atom is much further away (see dotted 

line ) and belongs to the ligand sphere of a neighbouring Co atom. 

Fivefold metal coordinations also occur 1n orthorhombic Mg
3

B
7
o

13
cl

2
. 

In cubic boracites the metal atoms occupy the centre of nearly 

sq~e-planar oxygen coordination sphere. They are only weakly bon­

ded to two halogen atoms (both at a distance of about 3 ~). 

The halogen (OH) atoms have three nearest Co neighbours which 

form a trigonal configuration (b). The three other Co atoms (see 

dotted lines) belong to the ligand sphere of a neighbouring F(OH) 

atom. ln cubic boracites, the halogens are octahedrally surrounded 

by six metal atoms. 

The boron-oxygen network is similar to that in cubic boracites, 

except for the O(l)-B(3) bonds which are considerably weakened (c). 

Both 0(1) and 8(3) have trigonal non-metal coordinations . In cubic 

boracites they belong to each other's coordination spheres such that 

they have tetrahedral (or nearl y tetrahedral) coordinations. 

These structural differences, and in particular the tendency of 

th~etal atoms to inc rease at l ow temperature their coordination 

nurnD~r from four to five could be of relevance for the understanding 

of the phase transitions in cubic boracites. 

The observed strong displacement of the Co
2

+ and F-(OH-) ions 

from the cubic positions (which come into play in the potential 

ferroelectric switching) are consis tent with the tendency of bire-

f . 5 . . 5 . f. 1 6 f b . . r1ngence , Cur1e po1nt and coerc1ve 1e d o orac1tes to 1nc rease 
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in the sense l-4Br-~Cl-(known)~F-(expected) . A corre l a tion between 

these properties and ionic shifts also holds for other displacive 

ferroelectr ics 7. 

Thanks are due to the Departement de Physique de la Matiere Conden­

see permitting the use of the 6-anvil press and the Fonds National 

de la Recherche Scientifique for financial support . 

TABLE l 

Atomic coordinates and equivalent isotropic temperature factors for 

Co 18f 
F(OH) 18f 
B(l) 18£ 
8(2) 18f 
8(3) 6a 
0(1) 6a 
0(21) 18f 
0(22) l8f 
0(23) 18£ 
0(24) 18f 

11 2 
UeqCA ): 
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group R3c, hexagonal setting (ah=8 .5309 (3), 

numbering and choice of cell origin as in 

standard deviations in parentheses . 
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