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Crystal structure I Jaskolskiite I CUx Pbax (Sb, Bi)2-x Ss (x ~ 0.2) I
Meneghinite homologous series

Abstract.The crystal structure of a new sulphosalt, jaskolskiite, Cux Pb2 + x
(Sb, Bi)2-x Ss (x ~ 0.2), has been determined. The space group is Pbnm,
witha = 11.312(2), b = 19.829(3), e = 4.088(1) Á, Z = 4 for the composi-
tion CUO.19Pb2.22 Sb1.l7 Bio.62 Ss. The structure has been solved using its
homologous relationship to meneghinite and refined from three-dimen-
sional diffractometer data to an R-value of 0.072 for 472 observed re-
flections.

The structure consists of slices (010) of SnS-like arrangement mutually
related by the n-glide planes and wavy interfaces. The metal positions M 1
and M4 inside the slices represent Sb sites partly substituted by Bi and Pb.
The M 2 and M 3 positions are on the sur faces of slices and represent Pb
siteswith some substitution by Bi in the case of M2. The tetrahedral sites in
the slice interfaces are partially occupied by Cu. laskolskiite represents the
4th member of the meneghinite homologous series. The published chemi~al
and structural data for the known homologues of meneghinite, with
N = 1, 2, (3), 4 and 5, are systematized in the paper.

Introduction

laskolskiite was described in 1983 by Zakrzewski from the Vena ore deposit,
Central Sweden, as a bismuth- and copper-containing analogue of the
synthetic phase Pb2Sb2SS studied by Wang (1973). One of the authors
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(E.M.) established the symmetry and lattice parameters of the new species
using single crystals of the type material.

In 1973 Wang suggested that the modification of PbzSbzSs found in
his study possessed an orthorhombic reciprocal lattice akin to that of
meneghinite, CUPb13Sb7SZ4 (Euler and Hellner, 1960). Our data confirmed
this relationship and suggested that jaskolskiite ought to represent the
nearest lower homologue ofmeneghinite, filling partly the gap between the
presently known members of a potential homologous series. Confirmation
of this situation and interest in the details of Sb/Bi/Pb substitution in some
metal positions in the structure represent the rationale for the present
structure determination.

Experimental

Single crystals of jaskolskiite were freed by Dr. Zakrzewski from the ore.
bearing rack by dissolving the surrounding carbonate material in HC!.
They represent short needles with irregular terminations.

A prismatic crystal with the dimensions 0.03 x 0.05 x 0.2 mm was
selected. Weissenberg X-ray photographs showed that jaskolskiite is
orthorhombic with systematic absences in accordance with space group
Pbnm (cab setting of space graup Pnma) and its noncentrasymmetric equiv-
alent Pbn2, (bac setting). The latter was excluded since the hkO and hk2
layers have the same intensity distributions indicating that all atoms can
be located in the special positions (x,y,t; x,ji,i; t + x,t- y,t; t-
x,t + y,i) of the space group Pbnm. The outcome of the investigation
supports the choice of the space group.

Unit-cell parameters and orientation were determined from the setting
angles of 10 reflections, 11.8 < f) < 16.3°, measured on a CAD4 single
crystal diffractometer with CuKIXradiation monochromatized by a graphite
crystal. The obtained data are listed in Table 1. The cell parameters are
close to those derived earlier by Zakrzewski (1984) [a = 11.331(1), b =
19.871(2) and e = 4.100(1)]. Intensities were collected with the CAD4
diffractometer for all reflections with f) < 74.5 o, using the w-2 f) scan tech-
nique. No decomposition of the crystal during the data collection could
be detected from measurements of two standard reflections. Of the 830
reflections measured, 472 were considered as observed with (J(J)/J < 0.2,
where (J(J) was estimated fram conventional counter statistics. The
crystal habit was determined using a reflection goniometer arrangement
connected to a Weissenberg camera. The crystal could be described by 11
crystal faces all belonging to the forms {110}, {010}, {120}, {tOO}and
{210}, in the order of decreasing importance. Corrections for Lorentz
and polarization effects as well as for absorption were performed. The
transmission factors ranging fram 0.02 to 0.17 were calculated with a grid
of 12 x 12 x 12 points used for the numerical Gaussian integration.
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Table 1. Crystal data for jaskolskiite. E.s.d.'s in parentheses refer to the last significant
digits

Mw = 904.4
Space group Pbnm
a = 11.312(2) Á
b = 19.829(3) Á
e = 4.088(1) Á

v = 917.0(3) Á3
Z = 4
Dx= 6.551(2)g.cm-3
F(OOO)= 1515
A(CuKa) = 1.54184 Á
J1= 138.8 mm-1

Structuredetermination and refinement

Initial atomic coordinates for jaskolskiite were obtained from those of
meneghinite (Euler and Hellner, 1960) by the process of homologous
contraction (Makovicky, 1981) of the parent structure by one metal
polyhedran in the central parts of the SnS-like layers of meneghinite. Euler
and Hellner's metal position No. 3 was deleted and the sulphur positions
Nos. 7 and 11 coalesced in the process of this operation.

The derived structural model was refined by full-matrix least-squares
techniques. In the first trials all atoms were restricted to vibrate
isotropically, but the Sb(1) and Sb(4) (Table 2) positions were allowed to
bepartially substituted by Bi. The copper atoms, indicated by the chemical
analysis (Zakrzewski, 1983) to have an occupancy below 0.2, were not
included at this stage. The initial refinements yielded R-values of 0.25.
Allowing the metal atoms to vibrate anisotropically, but keeping the sub-
stitution parameter at the M 1 position fixed at 0.4, lowered the R-value to
0.09.The highest peak, 6 e.A - 3, found in a subsequent difference electro n
density map occurred at the proposed Cu-position. The strongest reflection
002 seemed to suffer severely from extinction (!Fol= 649 and !FeI= 905)
and was excluded from the further refinements. In the final refinement
yielding an R of 0.072 the substitutional parameters of the M 1 and M4
atoms were varied simultaneously with their anisotropic thermal
parameters, and the occupational parameter of the Cu atom was varied
with an isotropic thermal parameter. The only correlation coefficients
with magnitudes above 0.5, viz. - 0.53 and 0.76, occurred between the
substitutional and occupational parameters of the M4 and Cu atoms and
their Un and U¡¡ values respectively. Thus, we migth look on the
occupational parameter 0.16(3) of the Cu atom with some suspicion, while
¡he Bi (resp. Bi + Pb) substitution parameters, 0.40(3) and 0.29(3), of the
M1 and M 4 positions respectively are likely to be statistically relevant.
The chemical formula obtained fram the structural refinements is in good
agreement with that found by chemical analysis (vide infra). The atomic
coordinates and thermal parameters are listed in Tables 2 and 3.
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Table 2. Fractional atomic coordinates (x 104) for jaskolskiite and equivalent isotropic
temperature parameters (A2X104), estimated as one third of the trace of the
orthogonalized Uij tensor

Site Occupancy x y z U

M(I) 0.71(3)Sb + 0.29(3)(Pb,Bi) 3014(4) - 237(2) 2500 333(15)
M(4) 0.60(3)Sb + 0.40(3)Bi 3753(4) 1281(2) 7500 293(15)
M(2) Bi,Pb 4991(3) 4043(2) 7500 323(11)
M(3) Pb 1688(3) 2923(2) 7500 341(11)
Cu 0.16(3)Cu 3915(48) 2587(25) 2500 255(99)
S(I) S 6285(12) 4764(7) 2500 204(32)
S(2) S 5632(13) 793(8) 2500 254(34)
S(3) S 2467(15) 1711(8) 2500 309(35)
S(4) S 4948(13) 2335(7) 7500 236(36)
S(5) S 3184(13) 3680(7) 2500 184(33)

Table 3. Anisotropic therma! parameters (x 103) for metal atoms in jaskolskiite. The
temperature factor expression used is exp [- 2 1[2 (h 2a* 2U 11

.
+ . . . + 2hka*b*UdJ

UII Un U33 U23 U13 U12

M(I) 392(23) 271(18) 337(33) O O - 26(14)
M(4) 347(23) 157(17) 374(34) O O 11(12)
M(2) 341(16) 281(14) 346(24) O O 6(10)
M(3) 513(18) 163(12) 347(23) O O - 7(10)

The atomic scattering factors used were those of the International
Tables of Crystallography (1974). The weights used for minimizing
17w(lFol-lFcI)2 in the refinements were proportional to l/((}(Fo) + 0.001
F?;). In the last refinement iteration the ratios ILI/"I were less than 0.004.

Description of the structure

Generalfeatures

The crystal structure of jaskolskiite consists of (010) slices composed of
slabs of semioctahedral structure which are two atomic layers thick. The
slabs follow approximately the (130) and (130) planes ofthe crystallattice
of jaskolskiite. Adjacent (010) siices are related by n-glide reflection planes
situated at y = t and i (Fig. 1). The composition planes between the
adjacent slices are wavy and are bridged by long Pb - S bonds and by
coordination tetrahedra partly occupied by Cu. In an individual (010) slice,
adjacent (130) slabs do not add up to a galena-like structure - as it was
often erroneously suggested for the closely related structure of
meneghinite - but to an SnS-like arrangement. Therefore, all metal coordi.
nation polyhedra inside the slice represent monocapped trigonal coordina-
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Fig.1. The crystal structure of jaskolskiite projected along [001]. The thermal (and
disorder) ellipsoids of anisotropically refined metal atoms are drawn at 50% probability
levels.Cu and S were isotropically refined

tionprisms. At least two out of four distinct metal coordination polyhedra
in the slice, those of M 1 and M 4, can be alternatively described as square
coordinationpyramids [MeS3+ 2] with the metal atoms in the base of the
pyramidand an additional, long Me - S distance to the sixth sulphur atom
belowthe pyramidal base.

Coordinationpolyhedra of metals

Each tight1ybonded (130) slab in the (010) slicescontains two sets offour
independent metal positions (Tables 4 and 5). The fifth position, partly
occupied by copper, lies between the slices. The chemical formula obtained
fram the structure refinement using the different scattering power of
(Bi,Pb) on one hand and of Sb on the other hand, as well as the occupancy
factor of Cu, is CUO.16(3)Pb2.16(3)Sb1.31(4)Bio.Sl(S)SS,in good agreement
with the chemical formula of jaskolskiite derived as an average of several
microprobe analyses (Zakrzewski, 1983).

The Bi +=tSb and Pb +=t(Bi, Sb) substitutions take place in the M 1 and
M4 sites. The shorter bond lengths at the M4 site suggest that this site is
occupied by Sb and Bi without a visible substitution by Pb. The larger,
moreisotropic disorder ellipsoid and longer Me - S distances indicate that
excessPb concentrates in the M 1 site. Comparison with the similar coordi-
nation polyhedra of Sb, Bi and Pb in Sb2S3 (Bayliss and Nowacki, 1972),



Table 5. Angles between M - S vectors in jaskolskiite [deg]

S(2)0 -M(l)o- S(2)S.6 76.8(3) S(3)0.1 -M(3)0- S(5)0.1 78.1(3)
S(2){) S(5)s 156.9( 4) S(3 )0 S(3 )¡ 77.2(2)
S(2)0 S(I)¡ 1.12 111.2(3) S(3)6/1 S(5)1/0 129.1(4)
S(2)s S(2)6 94.6(3) S(3)0.1 S(2)11 141.1(2)
S(2)S.6 S(5)8 87.7(4) S(3)0/1 S(4)11/12 119.7(4)
S(2)S/6 S(l)I1/12 89.0(3) S(3)0/1 S(4)¡2/11 67.1(3)
S(2)S/6 S( 1)12/11 171.8(4) S(5)0 S(5)¡ 84.2(2)
S(5)s S(1)11 85.2(3) S(5)0.1 S(2)11 77.9(3)
S(I)¡ 1 S(1 )12 86.6(3) S(5)0/1 S(4)11/12 160.3(4)

S(5)0/1 S(4) 12/11 89.5(3)
S(1 )0/1 -M(2)n- S(4)0/0 120.1(3) S(2)¡ 1 S(4)¡ 1.12 82.6(3)
S(l)o/l S(5)0/1 89.0(3) S(4)11 S(4) 12 90.3(3)
S(I)o S(1)¡ 89.9(3)
S(1)O/1 S(5)¡/0 162.1(4) S(2)0.1 -M(4)0- S(3)0.1 88.2(3)
S(1 )0.1 S(lh 80.9(3) S(2)0.1 S(4)0 83.7(4)
S(1)O.1 S(3 )9 77. 7(3) S(2)0 S(2)¡ 82.4(3)
S(4)0 S(5)0.1 75.4(3) S(2)o/l S(3)¡/0 169.9(3)
S(4)0 S(lh 147.8(4) S(2)0.1 S(1) 11 111.3(3)
S(4)0 S(3)9 62. 7(4) S(3)0,1 S(4)0 91.6(4)
S(5)0 S(5h 86.7(3) S(3)0 S(3)¡ 100.9(4)
S(5)0.1 S(lh 81.3(3) S(3 )0,1 S( 1) 11 75.6(4)
S(5)0,1 S(3)9 119.4(3) S(4)0 S(1 )1 159.5(4)
S(lh S(3)9 149.5(4)

S(3)0 - Cuo - S(4 )0,2 100.5(1.4)
S(3)0 S(5)0 115.8(2.3)
S(4)0,2 S(5)0 111.5(1.3)
S(4)0 S(4)z 116.2(2.2)
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Table 4. Interatomic distances in jaskolskiite [A]

M(I)o - S(5)8

- S(2)S.6

- S(l h 1.12
- S(2)0

M(2)0-S(lh
- S(1)O.1

- S(5)0.1

- S(3)9
-S(4)0

Code: O x, y, z
1 x,y,z + 1
2 x, y, z-l
3 l-x,l-y, l-z
4 1-x, l-y, -z

2.54
2.78
2.98
3.60

2.77
2.89
2.98
3.18(2)
3.39

M(3)0-S(2hl 2.81
-S(4)11.12 2.88

- S(5)0.1 3.05

- S(3)0.1 3.28

M(4)0 - S(4)0 2.49

- S(3)0.1 2.65

- S(2)o.l 3.1 O

- S(1 h 1 3.48

CUO - S( 5)0

- S(3)0

- S(4)0.2

2.32(5)
2.39(5)
2.41(3)

5 l-x,- y,-z
6 1 -x, - y, 1 -z
7 t-x, } + y, t-z
8 !-x,y-!,-!--z

9 x+ i. }-y,z+t
10 x+t, }-y,z-}
11 x-t.!-y,z+t
12 x-t, t-y, z-}

Except when indicated otherwise, the standard deviations of interatomic distanees alllie
close to 0.01 A. All M - S distances below 3.7 A are listed
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Bi1S3(KupCík and Veselá-Nováková, 1970) and CuPbBiS3 (Ohmasa and
Nowacki, 1970) enables to make a semiquantitative check ofthe above metal
distribution. Instead of using occupancies of respective metal s in M 1 and
M4 as weighting factors, the products of occupancies with respective atomic
numbers will be employed in order to better simulate the situation seen in
the crystal structure analysis by means of X-ray diffraction.

The outer metal coordination polyhedra of the M4S6 ribbons in the
above mentioned reference structure correspond closely to the M4 sites of
jaskolskiite. If the latter site contains SbO.6Bio.4, the predicted weighted
averageof three shortest M - S distances wil! be 2.61 Á and that of five
M-S distances 2.80 Á. The actually observed values are 2.60 Á and 2.80 Á,
respectively, in good agreement with the predicted values.

The inner metal coordination pyramids of the M4S6 ribbons in the
reference compounds can be compared with the M 1 site of jaskolskiite.
For the occupation of the M 1 site obtained fram the refinement,
SbO.71Pbo.16Bio.13,the predicted average s of the three and five shortest
bond lengths will be 2.70 Á and 2.78 Á, respectively. The observed averages,
2.76Á and 2.81 Á, represent considerably longer Me-S distances. They
suggestthat the site ought to contain more Pb than the value of 16% that
wasderived from the observed amounts of Cu according to the coupled
substitution (Sb, Bi) + vacancy ~ Pb + Cu. With the Sb occupancy at the
siteequal to 71%, the heavy component alone should display the average
of 5 shortest bond lengths equal to 2.98 Á, i.e. it should represent pure
lead.

The seven-coordinated Pb 3 site has the average bond length in the
completepolyhedron equal to 3.03 Á (that offive shortest bonds is 2.94 Á).
Thevalues indicate apure lead site. The corresponding average of al! seven
Me- S distances in the adjacent Pb 2 site is only 2.99 Á, lower than the
averagevalue of 3.04 Á for seven coordinated lead derived by Edenharter
(1976).Using the same reference coordination polyhedra as for the M 1
site,a combination of 45% occupancy by Pb with 55% occupancy by Bi is
obtained, by about 25% in variance with the overall chemical formula.
Although introduction of some Sb could reduce the difference, it seems
realistic to conclude that the M 1 site is enriched in Pb in excess of the
expected concentration of 16% and that the M2 site accommodates cor-
responding amounts ofBi, but their exact amounts cannot be assessed fram
thecurrent structure determination.

The tetrahedral!y coordinated copper site is only statistically occupied
bycopper at a relatively low rate of appraximately 16%. This value can be
compared with the 25% occupation of this site in meneghinite (Euler and
Hellner, 1960) and its full occupancy in aikinite (Ohmasa and Nowacki,
1970; Kohatsu and Wuensch, 1971). The average bond length is 2.38 Á,
higher than in other cases of tetrahedrally coordinated Cu in sulphosalts
(Edenharter, 1976). The coordination tetrahedron of Cu is rather irregular.
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The obvious reason for these irregularities is that in 84% of the cases the
coordination tetrahedra are unoccupied, i.e. larger than the coordination
tetrahedra of copper.

Meneghinite homologous series

The homologous series of complex sulphides (sulphosalts) to which
jaskolskiite belongs will be called the meneghinite homologous seriesafter
its longest known characteristic member, the mineral meneghinite. Ihis
name was also used by Mozgova et al. (1983) although these authors
included only meneghinite and Pb2Sb2SS' The crystal structures of this
series can be visualized as composed of slices (501) or (501) of SnS-like
(B 16) structure. The somewhat oscillating surfaces of these slices form
wavy composition planes on which the two adjacent slices face each other
and are mutually related by an n-glide plane parallel to (010) of meneghinite.
Two coordination polyhedra on the margins of each tightly bonded slab
(100)sns include the sulphur atoms of the opposite slab. They represent
mono- or bicapped trigonal prisms, respectively parallel and perpendicular
to the 4 Á axis. Tetrahedral coordination sites located in the wavy interfaces
can be occupied by Cu atoms according to the coupled substitution Cu +
Pb ~ vacancy + Sb (or Bi).

Individual homologues differ in the number of cation polyhedra strung
diagonally across the (:1: 5.0.1) slice of the SnS-like structure, along the
surfaces of the tightly bonded slabs (100)sns, Homologous contraction (or
expansion) is taking place in the SnS-like portions of the slices.

In the homologue N = 2 only the two marginal polyhedra remain and,
finally, for N = 1 only the apical polyhedra are preserved. At N = 1 the
configuration of the interface changes as well, setting this structure against
the higher homologues. It is between the 2nd and 3rd homologues that the
elongated, dosed lone electro n pair micelles of the higher homologues tum
into inverted lone electro n pair micelles of the lowest homologues. The lone
electro n pair micelles represent means of structural accommodation of
stereochemically active lone electro n pairs in the structures of sulphosalts.
They were defined by Makovicky and Mumme (1983) as groupings of
coordination polyhedra of (primarily) As, Sb or Bi which endose extended
structural spaces that contain their lone electro n pairs. Other metal atoms
adhere to the micelles on their outer surfaces and thus propagate the
structure motif. The inverted lone electro n pair micelles are groupings of
coordination polyhedra with lone electro n pairs oriented outwards, i.e.
positioned on their surfaces. The inverted lone electron pair micelles are
interconnected only by weak residual bonds.

The structural definition of the meneghinite homologous series was
given independently by Makovicky (1983a, b) and, under the name ofthe
Sb2S3 . n PbS series, by Smith and Hyde (1983). The latter authors give a



Table 6. Selected data on meneghinite homologues .....¡
::r

'"Mineral Formula N Unit cell parameters (A) Space Reference (")
....

'<group
~e..

Meneghinite CUPb¡3Sb7S14 5 a 11.36 b 24.06 e 99.08 Pn2¡m Euler and Hellner (1960) ~....

Subcell : a' 11.36 b' 24.06 e' 4.13 (Pbnm) :=(")

Synthetic Pb12SbSS14 I 5 a 11.36 b 23.98 e 4.10 Pbnm Wang (1977) 2"....
Synthetic Pb1Sb1SS 4 b 11.40 19.80 4.04 Pnma Wang (1973)

(!>
a e o

Synthetic Sn2Sb1SS 4 e 11.42 a 19.60 b 3.94 Pnma Wang and Eppelsheimer 2:
~orPn2¡a (1976), Eppelsheimer (1981) V>

~Jaskolskiite CUO.2Pb2.1(Sb, Bi)¡.sSs 4 a 11.43 b 19.81 e 4.08 Pbnm Zakrzewski (1984) 8-
V>

Synthetic BixSb1-xSn1Ss 4 b 11.26 e 19.49 a 3.95 Pmcn Kupcík-Wendschuh (1982) [
Stibnite Sb1S3 2 e 11.23 a 11.31 b 3.84 Pnma Bayliss and Nowacki (1972) (!>

Bismuthinite Bi2S3 2 a 11.12 b 11.25 e 3.97 Pbnm Kupcík and Veselá-
Nováková (1970)

Pekoite CuPbBillS¡S 2 a 3xl1.17 b 11.32 e 3.99 Pb2¡m Mumme and Watts (1976)
Gladite CuPbBisS9 2 a 3xl1.18 b 11.49 e 4.00 Pbnm Kohatsu and Wuensch

(1976)
Krupkaite CuPbBi3S6 2 a 11.20 b 11.56 e 4.00 Pb2¡m Mumme (1975)
Lindstromite CU3Pb3Bi7S¡5 2 a 5 x 11.22 b 11.57 e 4.00 Pbnm Horiuchi and Wuensch

(1977)
Hammarite CU2PblBi4S9 2 a 3 x 11.26 b 11.59 e 4.01 Pbnm Horiuchi and Wuensch

(1976)
Friedrichite CusPbsBi7S¡S 2 a 3 x 11.28 b 11.65 e 4.01 Pb2¡m Schioler and Wuensch

(1979)
Aikinite CuPbBiS3 2 a 11.32 b 11.64 e 4.04 Pbnm Ohmasa and Nowacki

(1970)
Syn thetic SbSBr (1) b 9.79 a 8.26 e 3.97 Pnam Christofferson and

McCullough (1959)
Synthetic BiSJ (1) b 10.1 8 a 8.52 e 4.17 Pnam Haase-Wessel (1973)
Syn thetic SbSJ (1) b 10.1 4 a 8.53 e 4.10 Pnam Haase-Wessel (1973)

....
¡

A different formula is given in the original sources
QC
-.1
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Fig. 2. The crystal structure of meneghinite (Euler and Hellner, 1960) projected along
[001]. In order of decreasing size the cricles represent S, Pb, (t Pb + tSb) and (t Pb + iSb).
Two distinct levels at z = t and z =

;¡ are respectively denoted by empty and full circles.

Hatched areas represent slabs (501) and (501) of SnS-like structure. The unrefined Cu
positions are not illustrated

different definition of the series, as intergrowths of slabs of the SbzS3-like
and TII-like structures on unit cell scale. Varying width of TII-like slabs
leads to distinct homologues of this series.

The structural scheme leads to the general formula Me2N S2N+z per
one tight1y bonded slab (100hns, varying between Me~~-4Me: 3S2N+ 2 for
the structures with tetrahedral holes unoccupied, and Cu~ +Md~-2Md+
S2N+ 2 for those with the tetrahedral holes fully occupied. All members of
the series have two lattice parameters nearly identical (Table 6) whereas the
third dimension increases by regular increments of ~ 4.26 Á between two
adjacent homologues.

The highest known homologue, N = 5, is meneghinite, CUPb13Sb7S24'
in which 25% of Cu positions are occupied, and all Sb positions are partly
occupied by Pb (Berry and Moddle, 1941 ; Euler and Hellner, 1960) (Fig. 2).
It was described as having a 24-tuple supercell along the 4.1 Á direction.
However, only 2 weak reciprocallattice levels describing this periodicity
were found (Le.) and therefore the structure could represent a long-range
composition-modulated structure with variations taking place over the
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Fig.3. The crystal structure of aikinite (Ohmasa and Nowacki, 1970; Kohatsu and
Wuensch, 1971) projected along [010]. In arder of decreasing size thc circles represent S,
Pb, Bi and Cu. Other symbols are analogous to those in Fig. 2

positions. A synthetic high-temperature analogue of meneghinite without
Cu was described (Jambor, 1975; Wang, 1977), the structural formula of
whichpresumably is PblZSbsSZ4'

Besides jaskolskiite, several synthetic homologues of meneghinite with
N = 4 were described. In 1973 Wang described a high temperature phase
PbzSbzSs and in 1975Wang and Eppelsheimer synthetized an isostructural
phase, SnzSbzSbs; kinship to meneghinite was recognized in both cases. In
1982 Kupcík and Wendschuh described the crystal structure of synthetic
BixSbz-xSnzSs (0.4 > x> 0.2) which represents an undeformed homologue
N = 4 ofmeneghinite. In 1983 Smith and Hyde offered an unrefined model
of the crystal structures of PbzSbzSs and SnzSbzSs as homologues of
meneghinite. Finally, Chang et al. (1980) synthetized so called Y-phases,
Pb2SbBiSs, PbzSb:; 1.5Bi",o.sSs and Pb1.S7SFeo.313Sb1.2sBio.6ZSSS, the
powder diffraction data of which indicate their cIose kinship to PbzSbzSs
reported by Wang (1973). The cIoseness of corresponding polyhedra in the
crystalstructures of jaskolskiite, meneghinite and BixSbz -xSnzSs is evident
fram Table 7.

No N = 3 homologue of meneghinite is known to us at present. How-
ever,berthierite, FeSbzS4, (Buerger and Hahn, 1955) is a cIosely related
structure in which SnS-like slabs, completely analogous to those in
meneghinite homologues, are related by a-glide planes instead ofthe n-glide
planesof the former. This results in al tered coordination polyhedra for the



Table 7. Metal coordination in meneghinite homologues

Compound N Coordination polyhedra in ter- R
stitial

References apical central marginal

CUPb13Sb7SZ4 5 M4 M2 MI M3 M5 Cu R = 0.237
Euler and Pb Pb 0.5 Pb + 0.5 Sb 0.5 Pb + 0.5 Sb 0.25 Pb + 0.75 Occup. 0.25
Hellner (1960) 2.83,3.31(2 x) 2.89,3.12 2.57, 3.53 2.53, 3.52 Sb not refined

2.94(2 x ) 2.96(2 x ), 3.30 2.80(2 x ) 2.76(2 x) 2.45, 3.50
3.06(2 x ) 2.98(2 x ) 3.01(2 x) 3.08(2 x ) 2.66(2 x )

3.12(2 x) Y1

CUO.16PbZ.16 4 M3 M2 MI M4 Cu R = 0.074 ~¡>J

Sb1.31Bio.S1SS Pb Pb(Bi) 0.7 Sb + 0.3 0.6 Sb + 0.4 Bi Occup.0.16 i'<"o
present study (Pb, Bi) Rw = 0.072 <o.

2.81, 3.28(2 x) 2.89, 3.18 2.54 2.49,3.48 2.32 i'<"'<:
2.88(2 x ) 2.77(2 x), 3.39 2.78(2 x) 2.65(2 x ) 2.39 ¡>J

::
3.05(2 x ) 2.98(2 x ) 2.98(2 x), 3.60 3.10(2 x) 2.41(2x) o.-

BixSbz
-

xSnzSs 4 M4 M2 MI M3
ro
ZKupcík and Bi conc. Bi conc. (lightest) Q....

Wendschuh (1982) 2.71,3.23(2 x) 2.68,3.43 2.52,3.42 2.47, 3.30 R = 0.101 ....
~2.74(2x) 2.91(2 x) 2.66(2 x ) 2.59(2 x ) ¡;;
2.99(2 x ) 2.96(2 x ) 2.86(2 x ) 2.13(2x) Rw ~0.082 3



FeSb2S4 (3) Fe Sbl Sb2 R = 0.128 ....,
;:r

Buerger and 2.45, 2.64(2 X ) 2.48,3.56(2 x) 2.43 <1>
(")

Hahn (1955) 2.46 2.58(2 X ), 3.63 2.48(2 X ), 3.47
,..,

'<
2.49(2 X ) 2.93(2 X ) 3.24(2 X ) '"§.

CuPbBiS3 2 Pb Bi Cu R = 0.064 ~,..,

Ohmasa and 2.89, 3.26(2 X) 2.66, 3.16 2.31 ¡::
(")

Nowacki (1970) 2.99(2 X ) 2.76(2 X), 3.53 2.35(2 X ) 2,..,
2.99(2 X ) 2.95(2 X ) 2.40 <1>

O

Bi2S3 2 Bi2 Bi1 R = 0.095
....,

~.
Kupcík and 2.54,3.28(2 X) 2.69,3.05 '"
~Veselá-Nováková 2.76(2x) 2.67(2 X ), 3.33 2-

'"(1970) 2.97(2 X ) 3.07(2 X ) [
Sb2S3 Sb2 Sb1

<1>
2

Bayliss and 2.46,3.37(2 X) 2.52,3.17 R = 0.044
Nowacki (1972) 2.68(2 X ) 2.54(2 X )

2.85(2 X ) 3.11(2x)

SbSJ (parael.) (1) Sb
Haase- Wessel (1973) 2.47,3.80 (1,2 X) R = 0.060

2.70(2 X)
3.12(J,2x)
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cations facing adjacent slabs, e.g. the coordination octahedron of iron is
created in this way. Berthierite is thus far the sole representative of a
potential homologous series parallel to the meneghinite series.

Inspite of the thinness of the SnS-like slices and inversion of the lone
electron pair micelles, the basic features of the crystal structures of the
homologues N = 2 are the same as for the higher homologues (Table 7,
Fig. 3). Notably, the configuration in the sinuous interlayer space is still
preserved intact. Besides SbZS3 (Bayliss and Nowacki, 1972) and SbZSe3
(Donges, 1950) these homologues comprise the extensively investigated
aikinite-bismuthinite series of derivative structures CuxPbxBiz-xS3
(1 ~ x ~ O) based on ordered (at higher temperatures disordered) coupled
substitution Cu + Pb ~ tetrahedral vacancy + Bi which takes place in the
basic BizS3 structure (Kupcík and Veselá-Nováková, 1970). In the deriva-
tive structures of this series the unit-cell parameter a always represents a
multiple (xl,x3,x5) of the fundamental parameter of 11.1 Á (changing
to 11.3 Á with increasing substitution). Aikinite, CuPbBiS3, has 100%
occupancy of tetrahedral metal sites. More detailed discussion is given in
Mumme et al. (1976), Wuensch (1979) and Makovicky and Makovicky
(1978). Because of the misfit in the dimensions of the coordination
polyhedra of Pb and Sb, the crystal structure of CuPbSbS3 (bournonite)
(Edenharter et al., 1970) is not derived from that of SbZS3 but represents
a different structure, a distorted 2 Á-shear derivative of SbZS3 (Makovicky,
1981).

The last step in homologous contraction affects profoundly both the
SnS-like layers and, for the first time, al so the interface. Therefore, the
resulting structure of the (tentative) homologue N = 1 collapses along the
a direction in comparison to the higher homologues. This category (Donges,
1951) comprises the crystal structures of halide-sulphides, e.g. SbSBr
(Christofferson and McCullough, 1959), BiSI and SbSI (Haase-Wessel,
1973). They all contain inverted lone electro n pair micelles and were ex-
tensively studied due to their electric properties.
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