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ABSTRACT

Hauchecornite, Nig(Biy.3Sbg.7)Ss, from the type
locality of the Friedrich mine, Westphalia is te-
tragonal, @ = 7.300(3), ¢ = 5.402(2)A ; Dmeas = 6.35
—6.47, Deale =658 g/cm~3; Z=1; space group
P4/mmm. The structure was solved by the heavy
atom method from 271 symmetry-indepandent reflsc-
tions with FZ > 3¢F; co'lected on a Picker four-

circle FACS-1 diffractomster using MoKg (A=
0.71069A) radiation. Crystal-boundary and @ absorp-
tion corrections were applied to the data and the
structure was refined by full-matrix least-squares
using anisotropic temparature factors- to an R value
of 0.067 (Rw=0.115). The structure consists of
double Ni(2)—S ribbons linked by Bi—Ni(l) chains,
all parallz]l to [001]. M(0.7Sb + 0.3Bi) s'tes occur
along th2 line of intersection of four double ribbons.
Bi and Ni(l) arz octahedral’y coordinated. Ni(2) is
in distorted square-planar coordination with 4S. The
M site is coordinated by 8Ni(2), The closest Ni—Ni

distances in the doublé ribbons are 2.639, 2674 and

271284, suggesting orbital interaction,

INTRODUCTION

The generally accepted composition Nig
(Bi,Sb)2Ss, of hauchecornite from the type lo-
cality at the Friendrich mine, Westphalia was
established by Peacock (1950) on the basis of
a single crystal x-ray study applied to the ori-
ginal analyses reported by Scheibe (1888, 1893).
Gait & Harris (1972) have recently discovered
slightly differing chemical varieties from other
localities -and proposed the formula Nip(Bi,X)2Ss
in which X = Sb, As or Te, as best representing
the known analyses.

Peacock (1950) confirmed the tetragonal sym-
metry originally proposed for the mineral and
obtained the cell dimensions ¢ = 7.29, ¢ = 5404
on a crystal chosen from Harvard Mineralogical
Museum specimen No, 89710 from the Friedrich
mine. His Weissenberg photographs indicated no
systematically-absent reflections although the
condition, 00! present only with [ even, was
found to be excluded only by a “very very weak”
003 reflection. The photographs showed the Laue
symmetry 4/mmm and hence the probable space
groups P4/mmm, P422, P4mm, P42m and P4m2
were indicated. From this group Peacock elimi-

nated P4mm because examination of the mor-
phology of crystals on an optical goniometer
showed the presence of several tetragonal dipyra-
mids which are incompatible with the point
group 4mm. Gait & Harris (1972) reported that
the x-ray powder patterns of arsenian and tel-
lurian varieties of haucheconite included two
weak reflections which could only be indexed
on a cell with doubled ¢ and ¢ dimensions.
These reflections were not present on Peacock’s
powder films of Westphalian (antimonian)
hauchecornite and are not listed by Berry &
Thompson (1962) for material from the same
locality.

The original density measurements in Scheibe
(1888, 1893) range from 6.35 to 647 g/cm™3.
Peacock (1950) measured 6.36 g/em™3, on a
17 mg crystal, with a torsion balance.

EXPERIMENTAL

The present study was made on Peacock’s
crystal — a square plate measuring respectively,
0.29 X 0.29 X 0.13 mm along the a and ¢ axes.
The dominant form is {001}. Before proceeding
to the collection of intensity data, long-exposure
CuKq and MoKg Weissenberg and precession
films were prepared in search of evidence for a
doubling of Peacock’s cell, for the presence of
Renninger reflections and as a test of the dif-
fraction symbol. The 00! row was further probed
with an 80 hour MoKq exposure of the (hOI)
reciprocal plane. This work supported Peacock’s
choice of cell and Laue symmetry. Although we
could find no trace of the 003 reflection reported
by Peacock, we did observe a faint 001 reflection
whose existence was later confirmed by several
scans across the peak position on a four-circle
Picker diffractometer. Thus hauchecornite from
the Friedrich mine in Westphalia has no sys-
tematically missing x-ray reflections. In general,
however, intensities of reflections with h + k +
] = 2n are stronger than those for which the
sum is odd, suggesting a pseudo-body centering
arrangement of the Bi atoms in the structure.

The cell parameters were calculated from the
26 values of' a number of high angle axial re-
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flections measured on the Picker diffractometer.
Standard deviations were calculated by hand in
the usual way. This gave a = 7.300(3), ¢ =
5402(2) A and these values were subsequently
used in calculating the bond lengths and angles.

Table 1 shows the results of calculating the
cell contents of this cell for the measured density
647 g/cm~2 and the best available analyses for
Westphalian hauchecornite, The values are very
close to Nig(Biy,3Sbo.7) Ss and since the calculated
density, 6.58 g/cm™3, is in reasonably good
agreement with the measured values, this formula
was used in the determination of the structure.

A total of 289 symmetry-independent reflec-
tions were collected on a Picker four-circle
FACS-1 diffractometer with MoKg radiation
(L = 0.710694) in the 0-20 scan mode over the
range 0.02 = (sin 0)/h = 0.70, using a 0.5°
min~* scan rate and a 100 s background count
on each side of the peak. The data were scaled
by reference to two standard reflections moni-
tored throughout the collection and corrected for
Lorentz, polarization and both @ and crystal-
boundary absorption (uMoKa = 354.2 cm~1)
factors, yielding 271 reflections with F2 > 3¢F2
which were taken to be observed. The values of
minimum and maximum absorption corrections
were 586 and 4913.

TABLE 1. THE CELL CONTENTS OF HAUCHECORNITE FROM THE FRIEDRICH MINE
WESTPHALIA

Weight per cent Atoms in the unit cell
1 2 3 4 5 6 7

Ni 45,084 45.883 45.26 46.8 8.65 8.94 9.00 ?

Co 0.704 0.82 0.76 0.3 0.14¢8.83 0.06f °*

Fe 0.271 0.17 0.22 0.04,

Pb 0.03

Bl  24.508 23.72 24.00 22,3 1.29 1.20 1.3 2

Sb 6,738 6.226 6.45 7.8 0.5991.98 0.72)1.95 0.7,

As 0.895 0.45 0.67 0.2 0,10 0.03

S 22,879 22,626 22.64 22.6 7.92 7.82 8
10T.079 99.894 700.00 700.0

1,2. Analyst Hesse (in Scheibe 1893) on material composed wholly of
crystal fragments with bright fracture surfaces and no traces of
impurities or alteration; measured density 6.47 g/cm3.

3. Average of 1 and 2 recalculated to sum 100% after subtracting as
PbS 0.03% Pb in 1.

4. Gait & Harris (1972); microprobe analysis on the same specimen
(HM 89710) that yielded Peacock’s crystal.

5,6. Atoms in the unit cell cal;xhted from 3 and 4, respectjvely,
for a cell with =7.300, ¢=5.402} and a density of 6.47 g/em’.

7. Nig(Biy 3Sby 7)Sgs idealized cell contents for hauchecornite
from Westphalia.
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DETERMINATION AND REFINEMENT
OF THE STRUCTURE

The distribution of E values indicated the
presence of a centre of symmetry and consequent-
ly the centrosymmetric space group P4/mmm
was chosen for the determination.

A three-dimensional Patterson map and a
similar map based on (E2 — 1) coefficients sug-
gested that Bi was located at (0,0,0,) and
(V5%14). Structure factor calculations for these
two positions gave R = (.68 (where R is defined
as: X| |Fo| — |Fe| |/Z|Fol). The Ni and S
positions were revealed by subsequent F, Fourier
maps calculated with successively refined phases.
Isotropic refinement reached an R value of 0.121.
The temperature factors of the two Bi positions
were grossly different (0.58, 1.72). In the next
step the multipliers for the two Bi positions were
allowed to vary while the isotropic temperature
factors were constrained to their mean value.
This reduced the R value to 0.113 and indicated
that the (0,0,0) position contained more scat-
tering power than the (14,/4,15) location. Con-
sequently the (V4,V5,15) site (hereafter called
the M site) was assigned all the Sb, giving it
the composition (Sho.7Bio.s). Three cycles of re-
finement employing weighted averages of Sb and
Bi scattering factors for the M site, anomalous
dispersion corrections for all the atoms, aniso-
tropic temperature factors and new weights based
on a value oF, = 0.095 F, + 1.50 + 9.26/F, de-

rived from a plot of AF,/F, vs 1/F, gave an R
value of 0.076 (0.078 for all 289 reflections).
Three reflections (004, 240, 550) which were
observed on the films to be situated on strong
Laue streaks, gave widely differing background
counts on either side of the peak position. It
was felt, therefore, that the net intensities were
less accurately collected than the bulk of the
data. With these reflections deleted from the
final refinement the R value reduced to 0.067
and the value of Ry = [Sw(|F,| — |Fc|)?/
Sw|Fo|2]1/2 = (.115. Atomic parameters and
temperature factors are listed in Table 2; per-
tinent interatomic distances and angles are given
in Table 3. The comparison of observed and
calculated structure factors is given in Table 4.

TABLE 2. FRACTIONAL COORDINATES AND TEMPERATURE FACTORS

4 ¥ s B11 B B33 Biz  Fi3  Bpg BUR
B1 0 0 0 52 6} 52 eg 28(7) 0 0 0 0.93
M{s% 7Big.3) 50000 50000 50000 45(8)  45(8) 58(10) 0 0 0 0.9
Ni{1)0-7" 0 0 0 50000 20(14) 29(18) 45(21) © 0 0 0.8
Ni(2 18076 45; 50000 25249(42) 84(6) 52(5) 51(10) 0  14(5) 0 1.22
sm 31274(92 0 50000 27 103 38 wg 23(16) 0 0 0 0.64
s(2 26961{139)  26961(139) 0 33(13) 33(13) 30(16) 2(9) O O 0.66

Fractional coordinates x 105 and anisotropic thermal parameters x 104; values in parentheses are
estimated standard deviations as obtained from the last cycle of least-squares refinement;

oexpl-(8 1248y P43 72428, 23 11428,k0)]
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S(1)

Fic. 1. Octahedrally-coordinated Ni(1)
—Bi chains.

s(2))

S(2Y)

Fie. 2. Distorted square-planar coordi-
nation of S about Ni(2).
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the S(1)—S(1) edges of the square polyhedra
(Fig. 3). The closest Ni—Ni distances within the
single ribbons are 2.674 and 2.728A, and be-
tween the single ribbons, 2.6394, as compared
to 24928 in metallic nickel. The distances are
so short as to suggest some orbital interaction
and a contribution to the strength of the double
ribbons.

The double Ni(2)—S ribbons are linked to
the Bi—Ni(1l) chains, and hence to neighbouring
Ni(2)—S double ribbons along the two a-axis
directions, by the sharing of S atoms, thereby
producing a tightly knit three-dimensional struc-
ture (Fig. 4).

The M (0.7Sb + 0.3Bi) sites, in the (V5,V%,1%5)
positions are situated along the line of inter-
section of four double ribbons (Fig. 4). The
atoms in these sites are in eight-fold coordina-
tion with Ni(2) occupying the corners of a
regular tetragonal prism (Fig. 5). If the relative-
ly weak Ni(2)—M bonds are taken into account,

e

[—c=5.4ozn————l

Fie. 3. Double Ni(2)—S ribbons.
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the square-planar S coordination about Ni(2)
becomes the base of a tetragonal pyramid with
the M site at the vertex.

The eight-fold coordination of the M site by
Ni suggests that the bonding of Sb and Bi in
this position has considerable metallic character.
The close agreement of the Ni—M distance,
26874, with the Ni—Bi distance 2.71A in the
alloy NiBi (Hidgg & Funke 1930) supports this
view. The structure determination has shown
that of the two Group V-element sites, (0,0,0)
and (V%,14,Y%), the less metallic element Sb is
ordered into the M site. Since the Ni(1)—Bi
distance, 2.7014, in the first site is not signifi-

213

cantly greater than the Ni—M distance, geomet-
rical considerations have no bearing on the
ordering. Evidently the predominantly covalent
bonding at the (0,0,0) sites to 4S as well as to
2Nji favours the presence of Bi over Sb.

All S atoms are coordinated by five metal
atoms on the corners of a nearly regular tetra-
gonal pyramid. In the S(l) pyramid, Ni(2)
atoms occupy the base with Ni(1) at the vertex.
Ni(2) atoms also occupy the base of the S(2)
pyramid but Bi is situated at the vertex.

The atoms of the unit cell are arranged into
four layers parallel to (001), at intervals of
almost exactly V4c. This layering evidently

7,

Fic. .4. Projection of the hauchecornite structure on (001). Numbers are frac-
tional z coordinates, The coordination for only one Ni(1)—Bi chain is
shown to emphasize the arrangement of the double Ni(2)—S ribbons and
the M sites they enclose, '
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Ni(2')

Fe. 5. Eight-fold coordination of Ni(2) about the
M(0.7Sb + 0.3Bi) site.

accounts for the dominant external form found
on crystals. Another prominent set of atomic
planes, parallel to the S(1)—S(2) planar poly-
hedra in the double ribbons, might be supposed
to manifest itself as one of the external {hOI}
forms measured by Peacock (1950). The planes
make an angle of 53.9° with the horizontal. The
most likely form, {201}, has a corresponding
angle of 56.3° which is in poor agreement with
this value.

The composition of hauchecornite represents
an unusual combination of elements, Among
minerals, only parkerite (NigBi2S2) has a similar
composition. A bismuthian ullmannite, Ni(Sbh,
Bi)S, is known but the ratio Sb:Bi = 6.6:1 and
therefore, bismuth is not an essential constituent
of the mineral. The structure of parkerite has
recently been solved and explained by Fleet
(1973). 1t has little in common with the struc-
ture of hauchecornite. One point of similarity
is the absence of TS; pyramids (in which T =

THE CANADIAN MINERALOGIST

As, Sb, Bi) which Takéuchi & Sadanaga (1969)
regard as the unit of structure that distinguishes
a sulphosalt from a sulphide. According to this
concept, hauchecornite and parkerite would not
be classified as sulphosalts and this is in keeping
with practice in reference works,

This work was supported by a grant to E.ZW.N.
from the National Research Council of Canada.
The drawings were prepared by Mr. W. M.
Jurgeneit of the Department of Geology.
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