
Zeitschrift fur Kristallographie, Bd. 144, S. 145-160 (1976)

The superstructure of stannoidite

By YASUIIUW KrDoH and Y. TAKEUCHI

Mineralogical Institute, Faculty of Science, University of Tokyo, Rongo, Tokyo

(Received 1 April 1976)

Auszug

Die Kristallstruktur von Stannoidit CUle(Fe, Zn)eSn4S24 wurde mittels
partieller Pattersonsynthesen bestimmt und bis R = 0,064 verfeinert. Fur
einen Kristall von del' Konjo Mine in Japan sind die Gitterkonstanten:

a= 10,767(1) A, b = 5,411(1) A, c = 16,118(2) A, Z = 1; Raumgruppe ist

1222. Die Struktur liif.Jt sich von del' Struktur von Zinnkies, CU2(Fe, Zn)SnS4,
ableiten, wenn darin ein Teil des Sn durch Cu ersetzt und auf.Jerdem ein Uber-
schuE von Cu in den tetraedrischen Lucken untergebraeht wird. Die von
S.Atomen gebildeten Tetraeder urn die iiberschiissigen Cu-Atome haben mit
benachbarten Tetraedern gemeinsame Kanten. Del' kiirzeste Abstand zwischen
zwei Metallatomen betriigt 2,70 A. Die Metallatome scheinen im wesentlichen
geordnet zu sein. Von drei voneinander unabhiingigen S-Atomen sind zwei wie
beim Zinnkies an ,,"wei Cu-Atome und je ein Fe(Zn)- und Sn-Atom gebunden;
das dritte hat vier Cu-Atome und ein Fe-Atom zu Nachbarn.

Abstract

The crystal structure of stannoidite, CUle(Fe,Zn)eSn4S24, a derivative of
stannite, CU4(Fe, ZnhSn2Ss, has been determined from consideration of the
partial-Patterson syntheses and refined to R = 6.40/0, using a crystal from
Konjo mine, Japan: Space group is 1222, a = 10.767(1) A, b = 5.411(1) A,

c = 16.118(2) A, Z = 1. The results revealed that the structure of stannoidite
is derivable from the stannite structure by substituting Cu atoms for a set of Sn
atoms in stannite and adding excess Cu atoms in a set of tetrahedral vacancies.
The tetrahedra formed by sulfur atoms about the excess Cu atoms share edges
with neighbouring tetrahedra, the shortest metal-metal distance being 2.70 A.
Metal atoms in the structure seem to be essentially ordered. Of three independent
sulfur atoms, two are bonded, like those of stannite, to two Cu, one Fe(Zn),
and one Sn, while the third sulfur atom is bonded to five metal atoms: four
Cu and one Fe.

Introduction

Stannoidite (SPRINGER, 1968; PETRUCK, 1973; YAMANAKA and

KATO, 1976), Cus(Fe,ZnhSn2S12, which was established by KATO
(1969) as a new mineral speCles, IS a derivative of sphalerite, the cell
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volume of which is six times that of the basic structure. Based upon
M:ossbauer spectra, YAMANAKAand KATO (1976) proposed the following
partitioning of valencies: Cu~+Fe~+(Fe2+,Zn2+)Sn~+Si2' The crystal
structure of this metal-excess derivative of the sphalerite structure has
now been worked out with the results as reported in the present paper.

Experimental

Unit cell and space group

Crystals used for the present study came from the type locality,
Konjo mine, Japan. As shown in Table 1, the chemical composition
of the crystals may well be expressed by CU15.94(Fe4.5oZnl.So)Sn4.04S24.

The following cell dimensions were determined with least-squares
refinement based on reflections measured on a four-circle automatic
diffractometer: a = 10.767(1) A, b = 5.411(1) A, c = 16.118(2) A. For
this refinement, a program was used written by ApPLEMAN (EVANS
et al., 1963).

The unit cell contains one formula unit, the calculated density
being 4.655 g . cm-3. In Table 2, the cell dimensions are compared
with those of related minerals.

X-ray photographs revealed, as reported by KATO (1969), a marked
substructure; the axes of the sub cell a', b' and c' are related to those
ofthe original cell as follows: a' = aj2, b' = b, c' = cj3. The extinction
rule is consistent with those of the space groups 1mmm, 1mm2, 1222
and 1212121. Of these, only the last two are consistent with the tetra-
hedral framework characteristic of the sphalerite structure. Since the
possible space group of the substructures was found to be A222, we
assumed, for structure analysis, the space group 1222. In this space

Table 1. Chemical composition of stannoidite*

Numbor of atoms, based on 12 sulfur atoms

Cu
Fe
Zn
Sn
S

39.18
9.73
4.56

18.56
29.77

7.97
2.25

}
3.15

0.90
2.02

12.00

Total 101.80

* SPRINGER (1972, private oommunication).



Cell dimcnsions Space
Mineral

a
I

b c group

stanni te 1

AICU4(Fe, Zn)2 Sn2Ss 5.448 (= a) 5.371 (X 2)A 142m

stannoiditc
CU16(Zn,Fe )2Fc4Sn4S24 5.384 ( X 2) 5.411 A 5.373 (X 3) 1222

mawsoni te 2

CU24 FegSn4S32 5.373 (x 2) (= a) 5.355 (X 2)
*
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Table 2. Cell dimensions and symmetries of stannoidite and related minerals

* Probable spacc group2: 142m, 14mm, 1422 or 14122.
1 HALL and STEWART (1974, private communication).
2 YAMANAKA and KATO (1976).

group, which was confirmed through structure analysis, a set of two-

fold axes have, like that in A 222, a point in common.

Intensity measurement

The dimensions of the crystal used for intensity measurements
were approximately 0.12 X 0.16 X 0.28 mm3. The 2e-w scan tech-
nique was used to measure intensities on a four-circle diffractometer.
The number of reflections out to 2e = 650 for MoK exwas 429. After

correcting for Lorentz and polarization factors, the intensities were
reduced to structure factors. Corrections for absorption (fl = 159.27
cm-1) were made using the program ACACA written by PREWITT
(WUENSHand PREWITT, 1965).

Determination and refinement of the structure

The unit cell of stannoidite, whose volume is six times that of
sphalerite, contains 24 sulfur atoms and a total of 26 metal atoms,
specifically 16 Cu, 6 (Fe, Zn) and 4 Sn. It was thought that this deriva-
tive structure is, in principle, characterized by locations of two excess
metal atoms and four heavy atoms, Sn. These atoms were readily
located in the vector space based on the following consideration.

Let E be the set of excess atoms and B the set of remaining atoms,
the arrangement of which is based on the sphalerite (blende) structure.
Then the vector set of the entire structure may be separated into two
parts:

v = V(B)+ V(EB);

10*
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Fig. 1. Portion of the partial,Patterson section, y = 0, showing the location of
Sn, indicated by P. Contours at equal, but arbitrary, intervals; negative con.

tours dotted. Broken lines indicate the sphalerite superlattice

the first term represents the vector set of B, and the second that of
E plus the set of cross vectors between E and B. Since the atoms in
E are presumably located in interstices of a tetrahedral framework
of B of the sphalerite type, none of the non origin vectors of V(EB)
should coinside with those of B. If the two excess atoms of E are
ordered at a specific set of interstices, the positions should be, ac-
cording to the space-group requirement, on a set of twofold axes
which are separated from each other by translation (a + b + c)(2.
This situation secures, in V, a direct observation of the image of Bas
seen from E.

In practice, we calculated the partial-Patterson function (TAKEU-
CHI, 1972) based on hkl reflections other than h = 2n and l = 3n,
(n an integer). In this particular case, the peak due to vectors between
the excess atoms and Sn should appear in the function as a positive
peak having the highest density. In this way, the location of Sn was



Table 3. Point symmetries at metal sites, average M-S lengths and temperature
factors of metal atoms

Sito notation M(l) M(2) M(3) M(4) M(5) M(6) M(7)

Point symmetry 222 222 222 2 2 2 1
Multiplicity 2 2 2 4 4 4 8
Possible site content [4Cu, 2(Zn, Fell)] (4FeIlI,4Cu) Sn Cu

<M-S> 2.35 2.26 2.30 2.3:~ 2.34 2.40 2.32 .A
B 1.1 1.6 1.6 1.3 0.9 0.4 1.5 .A2
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directly determined in the y = 0 section of the function (Fig. 1). For
the present purpose, the locations of the excess atoms and Sn provide
enough knowledge to determine initial phase angles of the super-
structure reflections. The initial set of atomic coordinates were then
derived by substituting Cu for Zn in the tetrahedral framework of
sphalerite and by distributing Sn and the excess atoms according to
the above results; all metal atoms other than Sn were tentatively
represented by Cu. Structure-factor calculations based on the atomic
coordinates gave R = 0.168 for all observed reflections. Full-matrix
least-squares refinement with isotropic temperature factors was then
carried out using the program ORFLS (BUSING, MARTIN and LEVY,
1962), and applying an equal-weighting scheme. Several cycles of
calculations reduced the R value to 0.085.

At this stage, an attempt was made to differentiate between the
atomic species Cu and Fe(Zn); they might be distributing in an
ordered fashion as those in the low-temperature form of chalcopyrite
(HALL and STEWAR'1', 1973) and related sulfides. According to the
study on Mossbauer spectra and chemical composition (YAMANAKA
and KATO, 1976), the iron atoms in stannoidite are mostly in the state
of FeIII; Fell substitutes for Zn, yielding a cell content which may
well be expressed by CU16(Zn,Fe hFe4Sn4S24. Based on multiplicities of
metal sites, the problem is then reduced to that of distributing Fe and
Cu in the M(l), M(2),...M(5) sites (Table 3); the eightfold site M(7)
should be for Cu, provided that significant disorder is substantially
absent. Note that the location of Sn, as determined by the structure
analysis, is denoted in Table 3 as M(6). As shown by FRUEH (1953) for
chalcopyrite, a Patterson synthesis based on the superstructure reflec-
tions only was expected to be helpful to the present purpose. In this
case, however, it did not work well because of the presence of heavy
atom, Sn, and the distortions of peaks due to atomic displacements.
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Fig. 1. Portion of the partial-Patterson section, y = 0, showing the location of
Sn, indicated by P. Contours at equal, but arbitrary, intervals; negative con-

tours dotted. Broken lines indicate the sphalerite superlattice

the first term represents the vector set of B, and the second that of
E plus the set of cross vectors between E and B. Since the atoms in
E are presumably located in interstices of a tetrahedral framework
of B of the sphalerite type, none of the nonorigin vectors of V(EB)
should coinside with those of B. If the two excess atoms of E are
ordered at a specific set of interstices, the positions should be, ac-
cording to the space-group requirement, on a set of twofold axes
which are separated from each other by translation (a + b + c)j2.

This situation secures, in V, a direct observation of the image of B as
seen from E.

In practice, we calculated the partial-Patterson function (TAKEU-
CHI, 1972) based on hkl reflections other than h = 2n and l = 3n,
(n an integer). In this particular case, the peak due to vectors between
the excess atoms and Sn should appear in the function as a positive
peak having the highest density. In this way, the location of Sn was



Table 3. Point symmetries at metal sites, average M -8 lengths and temperature
factors of metal atoms

Site notation M(l) M(2) M(3) M(4) M(5) M(6) M(7)

Point symmetry 222 222 222 2 2 2 1
Multiplicity 2 2 2 4 4 4 8
Possible site content [4 Cu, 2(Zn, Fell)] (4FeIII, 4Cu) Sn Cu

<M-S> 2.35 2.26 2.30 2.33 2.34 2.40 2.32 A
B 1.1 I.G 1.6 1.3 0.9 0.4 1.5 ;\2
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directly determined in the y = 0 section of the function (Fig. 1). For
the present purpose, the locations of the excess atoms and Sn provide
enough knowledge to determine initial phase angles of the super-
structure reflections. The initial set of atomic coordinates were then
derived by substituting Cu for Zn in the tetrahedral framework of
sphalerite and by distributing Sn and the excess atoms according to
the above results; all metal atoms other than Sn were tentatively
represented by Cu. Structure-factor calculations based on the atomic
coordinates gave R = 0.168 for all observed reflections. Full-matrix
least-squares refinement with isotropic temperature factors was then
carried out using the program ORFLS (BUSING, MARTIN and LEVY,
1962), and applying an equal-weighting scheme. Several cycles of
calculations reduced the R value to 0.085.

At this stage, an attempt was made to differentiate between the
atomic species Cu and Fe(Zn); they might be distributing in an
ordered fashion as those in the low-temperature form of chalcopyrite
(HALL and STEWART, 1973) and related sulfides. According to the
study on Mossbauer spectra and chemical composition (YAMANAKA
and KATO, 1976), the iron atoms in stannoidite are mostly in the state
of FeIII; :Fell substitutes for Zn, yielding a' cell content which may
well be expressed by CU16(Zn,:Fe)2Fe4Sn4S24.Based on multiplicities of
metal sites, the problem is then reduced to that of distributing Fe and
Cu in the M(1), M(2),...M(5) sites (Table 3); the eightfold site M(7)
should be for Cu, provided that significant disorder is substantially
absent. Note that the location of Sn, as determined by the structure
analysis, is denoted in Table 3 as M(6). As shown by FRUEH (1953) for
chalcopyrite, a Patterson synthesis based on the superstructure reflec-
tions only was expected to be helpful to the present purpose. In this
case, however, it did not work welI because of the presence of heavy
atom, Sn, and the distortions of peaks due to atomic displacements.



Site Atom
I

x
I

y
I

z

M(l) Zn(FeII) 0 0
I

0
M(2) Cu 1 0 02

I

M(3)* Cu 0 0 1
2

M(4) Cu 0.2511(4) 0 1
I 2

M(5) FeIlI 0 0

I

0.3298(3)
M(6) 8n 0 l 0.1693(1 )2
M(7) Cu 0.2465( 3) 0.0107(11) I 0.1695(2)
8(1) 8 0.1308(13) 0.2443(12) I 0.0826(5)
8(2) 8 0.3792(10) 0.7558(13)

I

0.0801(5)
8(3) 8 0.1294(14) 0.7488(12) 0.2546( 5)

Site fJH fJ22 fJI2 fJI3 fh3 B
,

0.013(2)10.0006(2)1
I

1.13A2M(l) 0.0030(4):
M(2) 47(5)1 14(2) 13(2) 1.64
M(3)* 34(8) 19(3) 11(3) 1.57
M(4) 31(3); 12(1) 10(1) I 0.0007(12) 1.29
M(5) 27(3); 8(1)1 6(1) -0.001 ( 3) 0.86
M(6) 14(2) 2(1) 4(1) 0.0001 (15) 0.44
M(7) 39(2), 12(

'Ii

15(1) - 7(10) -0.0002(1) 8( 8) 1.52
S(l) 28(5)! 7(2) 8(2) -21( 9) 2(3) -14( 4) 0.88
8(2) 24(5)1 9(2) 7(2) 27( 7) 1(2) -15( 4) 0.81

8(3) 21(5) 6(2) 8(1) -31( 7) 3(2) - 2( 4) 0.66
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In dealing with metal ordering in similar structures, HALL and
ROWLAND(1973) and HALL and STEWART(1973) suggested that thermal
parameters may be useful; the temperature factors of the Cu atoms
tend to be significantly higher than those of Fe (SZYMANSKI,1974;
ROWLAND and HALL, 1975). As observed in Table 3, M(7) in which
we located Cu, indeed has a high B value. We find that M(2), M(3) and
M(4) likewise have high B values, suggesting Cu atoms for these sites.
M(1) and M(5) are then the sites of Fe(Zn); specifically Zn(Fe) in
M(1) and FeIII in M(5). This mode of metal ordering is found to be
satisfactory on the compositional ground. In this case, as will be dis-
cussed later, the four-coordinated S atoms are bonded to two Cu, one

Table 4. Final atomic parameters and standard deviations (in parentheses)

The anisotropic temperature factors are expressed in the form exp {-(h2/31l

+ k2fJ22 + l2/Ja3 + 2hkfJI2 + 2hlfJI3 + 2kl/h3)}.
The B;s are equivalent isotropic values (HAMILTON, 1959).

* Interstitial atom.
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Table 5. Comparison of observed and calculated structure factors for stan ~oidite
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Zn(Fe),and one Sn. This is essentially the same coordination as that
in stannite; the proposed model therefore appears to be acceptable.
Assuming various ordering in models other than this, we carried out
cycles of refinements, but we did not obtain any results which rule out
this ordering model.

Based on this model, therefore, we carried out least-squares re-
finement with anisotropic temperature factors which converged to
give R = 0.064; the weighting used was of the form (CRUICKSHANK
et al., 1961):

w = lj(a + Fo + CFo2), a = 2Fmin = 10.0, C = 2jFmax = 0.004.

Finally, corrections for anomalous dispersion were applied using Ill',

111" values given by CROMER (1(65). Excluding hkO, Okl and hol
reflections, least-squares refinements were carried out for the working
model of structure and its centric equivalent, giving R = 0.066 and
0.064 respectively. According to the significance test (HAMILTON,
1(65), the difference in R was found to be significant. The atomic
coordinates given in Table 4 are those obtained by the refinement of
the latter model. Observed and calculated structure amplitudes are
compared in Table 5.

Discussion

Compared to stannite (Table 2), stannoidite is deficient in Sn but
has an excess of Cu; it has in total of two excess metal atoms. The
stannoidite structure that bears a superstructure relation to stannite
is, in principle, characterized by the distribution of Sn in its structure
(Fig.2). The relationship may best be eXplained in the following way.
In the body-centered lattice of stannite, with Sn at each lattice point
(Fig. 3), if the sublattice defined by translation vectors t and t' is
suppressed, the remaining array of 8n atoms define another sub lattice
that corresponds to the stannoidite lattice. The structure of stannoidite
is then derived by locating Cu atoms in the set of tetrahedral positions
from which Sn atoms were removed, and by filling the tetrahedral
vacancies adjacent to the tetrahedra of new Cu atoms with excess
metal atoms (Fig. 4). In the result, the stannoidite structure has as
whole a remarkable similarity to the stannite structure.

Of three independent sulfur atoms, S(1) and 8(3), which are
unaffected by the presence of interstitial atoms, have essentially the
same coordination as that in stannite; each of these are bonded to
two Cu, one Zn(Fe) and one Sn (Fig. 5). Bond lengths in these COOf-
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(a)

o Cu

(b)

@Zn Os@Fe 8Sn

Fig. 2. Comparison of the crystal structures of (a) stannite, CU4(Fe,Zn)2Sn2SS,
and (b) stannoidite, CU16(Fe,Zn)6Sn4S24
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Fig.3. The body-centered lattice of stannite (ST), showing, by circles, locations
of Sn at lattice points (heavy and light cireles are respectively at y = 0 and
y

= !). If the sublattice indicated by broken lines is removed, the remaining
set of lattice points defines another sub lattice corresponding to that of stan-

noidite (STD)
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a M(2)
M(3')

(a)

o
(b)

Fig. 4. Comparison of tho structures of stannoidite and stannite: (a) The b.axis
projeotion of the stannoidite structure. (b) The stannite struoture (HALL and

STEWART, 1974, private oommunioation), as viewed along the b axis

(a)

Fig. 5. Coordinations of S(l) and 8(3)

(b)

dination about the sulfur atoms agree closely with the corresponding
lengths of stannite (Fig. 6). The result may in turn suggest that the
proposed ordering model may well be correct. Although some disorder
would probably be expected for this sort of structures, it would not be
a predominant feature for stannoidite.
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