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Refinement of the crystal structur,e of hutchinsonite, TIPbAs5,S9
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Hutchimm,rite I C"ystal st"lIctm~e I Suljosalt~,

Abstract. Hutchinsonite, TlPbAssSg, M,. = 1074.72,
orthorhombic, Pbca, a = 10.786(3) A, b = 35.389(8) A,
c = 8.141(3) A, Z = 8, Dx = 4.59 g/cm3, {L(MoK" =
330.60 cm - 1, F(OOO) = 3776, locality:: Qilliruvika, Peru.
The anisotropic refinement converged to give the value
of R = 00.045(wR = 0.046) for 2992 reflections used. The
Pb and TI atoms occupy distinct sites M 1 and M2,
respectively. The former has seven S neighbours while
the latter ten,. giving average M - S distances 3.056(3) A
and 3.451 (4) A, respectively. The ordered arrangement of
Pb and Tl has been .fully supported by the Hamilton test
and bond-valence calculations. The average vah.iles of
As - S, S -. S distances and S - As - S angles of the AsS3
Idgonal pyramids are 2.278(1) A,3409(1) Aand 96.93(2)"',
respectively.

Introduction

The structure of hutchinsonite was worked out by
Takeuchi, Ghose and Nowacki (1965) based on fihn
diffraction data, showing that it consists of two kinds of
slabs A and B.. The latter has a PbS-like structure while
the former is composed of twofold spira1 chains with the
composition As4SS' Th'ese chains are joined together by
AsS3 pyramids in the border of the slab to form a
composite As- S she,et.The slabs A and B are alternately
jlllXtaposed to build up the bulk of the structure. The
structure thus provides a bask chemical formula, (Tl,
Pb)2AsSSg for this mineral species.

The presellJ.t paper reports results of our refinement
carried out to ducidate more details of the structure. Its
brief aocount has appeared (Matsushita, Takeuchi, (990).
Although Wulf (199'0) mentioned that the structure was
studied with synchrotron radiation, no detaHed report
has been published.
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Experimental and refinement

The crystals used for the present study which came
from Quiwvilca, Peru. The chemkal composition of
Quiruvika hut,chinsonites has be.en reported to be
Ti 1.o50Pb\. i 56As4.63 2SbO.IS3S9 '(White, Nelen, 1985). Ano-

ther chemical analysis of hutchinsonite from the same
locality was carried out by Sasaki (1983) and Sasaki and
Miyake (1984), showing that the Pb and Tl ration is
closely unit and As to S is 5/10 rather than 5/9,

A crystal specimen with dimensions O.l8 x 0..16x
0.10 mm3 was selected and lUsedfor the structural study.
The eel] dimensions were obtained hy the 1east-squares

']faMe t. Experimental ,conditions for the refinement of Imtchinso-
nile.
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Atom X y Z B.Q

M 1 (Pb) 0.36090(5) 0.24688(1) 0.10582(7) 1.04(2)

M2 (Tl) (D,33847 (6) o.J 2202(2) 0.63384(8) 1.82(2)

As1 OoJ110(1) 0.19488(4) 0.70045(2) 00.74(5)
As2 0.]021(1) 00.18479(3) 0.1262(2) 0..66(4)

As3 00.4347(1) 00.11605(4) 0.1331 (2) 00.75(5)

As4 00.1367(1) 0.04815(4) 0.2161 (2) 00.96(5)
As5 0.3823(1) 0.02875(3) 0.9544(2) 0.79(5)
SI 0.3975(3) OJ 893(]) 0.3648(4) 0.9(1)
S2 0.41l9(3) 0..19006(1) 0..8637(4) 1.0(1}
S3 0.1150(3} 0..25409 (9) 0.3696(4) 0..8(1)
S4 0.1303(3) 0.1 374(1) 0.3237(4) to( 1)
S5 0.1l56(3) 00.14665 (9) 0..8960(4) 1.0f1 )

S6 0.3876(4) 0.0150(1} 0.6853(5) 1.5(1)
S7 OJ 949(4) 0.0570(1 ) 0.9529(5) L8(2)
S8 0.4372(3) 0.0670( l) 0.3267(4) 1.1(1)
89 0.0076(3) O.0796( 1) 0.5851(5) 1.2(0
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procedure applied to tbe 20 va~ues of 20 reflections
(28 < 2,e < 56°) measured on a RIGAKU AFC-5S dif~
fracto meter, using pyrolhic-graphite monochromatized
MoK" radiation,}, = 0.71069 A. Details are summarized
in Table 1.

The initial atomi,c parameters were provided by Ta-
Ikeuchi: et aL (1965). The structural refinement was execu-

Table 2. Occupancies in the cation sit.es of hutchinsonite.

Site X-ray
rdincment

Bond-v8Ilence calculation
(Brown, Altermatt, 1985)

M~
M2
Asl
As2
As3
As4
As5

0.976(6) Pb
0.981 (6) Tl
]'(J02(8) As
1.0.10(8) As
1.065(9) As
0.994(8) As
L003.(8) As

LOOI)Pb
1.000 TI
1.000 As
0.9449 As -I- 0.0551 Sb
0.8368 As + 0.1632 Sb
l.000. As
l.OaOAs

formula Tlo.981Pbo.916As5.o74S9 TI1.oooPb l.oooAs4. 7BI1SbO.2183S"

Paramet,ers using for calculated bond-valence are
B = 0.37, V!'b = 2, Vn = 1,

V"'s=
3, VSb= 3"

"o(Pb-S) = 2.5357, rO](Tl-S)= 2.5165,
ro(As-S) = 2.272, ro(Sb-S) = 2.474.

Table 3. Fractional atomic coordinates, equiva].ent. isotropic tem-
perature factors B.q (A2) for hutchinsonite. (Estimated standard
deviations in pa.renthes'es..)

ted using TEXRAY program system (TEXSAN, 1985)
with a weighting scheme of 1/0'2 Wobsl. During anisotropic
refinement, a Hamilton test (Hamilton, 1965) was made
to decide the made af distribution of Pb and Tl over the
possible sites Ml and M2, which correspond tOothe
original notations (Pb, TI)I and (Tl, Pb)[1 (Takeuchiet aL,
1965), respechvely. The result revealed with high level of
significance, RI46.2992,O.OOS that, Pb is allacated toOMl
and '1"1to M2. The occupancy refinement ohhe ,cation sites,
including As, was carried out without constraint (Table 2).
Neutral atomic form factors and values for dispersion
cOlTectioTJiSfar all atoms were provided by Internatianal
Tables for X-ray CrystallOography Vol. IV (1974). Further
detaiJs of the refinement and final values of R are to be
refer,ed to Table L The resulting atomic parameters are
listed in Table 3 '.

Results and discussion

The structure thus refined is essentiaHy the same as
reported by Takeuchi et 311.(1965). The present resuhs
provide, however, more details of the structure. Selected
atomi,c distances and angles are listed in Table 4 and
Table 5.

To confirm the allocations of Pb to Ml and TI to M2.,
an attempt was made of evaluating bond valences for
catians, including As atams, using the procedure given
by Brown and Altermatt (1985). As shown in Table 2,
the results are well in accord with the above assignment
of atomic 10catiOons.The relationship between hutchinsa-
nite TlPbAssS9 and bemardite TIAssSs (Pasava, P.ertlik,
Stumpf!., Zemann, 1989) may alsa support the above
assignment of Pb. The chemical formula of the latter
carresponds to that of hut,chinsonite from whichPbS is
suppressed.

The Pb atom has seven S neighbours, giving an
average of the Pb-S distances 3.056{3} A which is to be

l Additional materials of this paper can be ordered referring to
the no. CSD 58501, names of the: authors and citation .of Ihe paper
at the Fachinformationszentrum Kal'Jsfllhe, Gesellschaft fliT wissen-
schaftlich-t,cdlnische JnformationmbH, D-76344 Eggenst.ein-Leo-
po~dsh.afen, Germany.

Table 4. M -S and As - S distances (A) under 4..0A in hutchinsonite. (Estimated standard deviations in pan'entbeses. Upper indices refer
to symmetry codes.)

S1 S4 85 S8 S9S2 S3 S6 MEAN Asl As2S7

Ml (Pb) 2.959(3)" 2.856(4)~ 2..160(3)"
3.018(4)} 3.100(4)j 3.276(3)i

3.422(3)"
M2 (T1) 3.297(4)" 3..165(4)"

3.487(2)} J.556(l)"
3.056(3) 3.729(2)')

3.605(2)"3.422(3)" 3.123(3)9 3.847(4)" 3.800(4)" 3.343(4)" 3,289(4)°

3.892(4)"
Asl
As2
As3
As4
As5

2.224(4)1. 2.252(W
3.331 (3)"
2.3 13(4)"

2.343(4)" 2.314(4)b
2.268(4)"

2.215(4)/

3.451 (4)

2.345(4)" 2.332(4)"
2.264(4)' 2.255(4)" 2.280(4)/
2.245(4)" 2.255(4)" 2.273(4)1'

2.262(4}
2.290(4)
2.315(4)
2.266(4)
2.258(4)

Symmetry codes:
a x~ y~ zf

X .~ ]/2, y, z + 1/2
b.:l:, II, z - I
,)

X -I- 1/2, y, f -I- 3/2

c .x + 1/2., y, z - 1/2{.
X - 1/2, .1',i + 3/2

d X -I- 1/2, JI + 1/2, f +,
x, .v -I- 1}2, z +1/2 "

X + 1/2, .1',f + lf2
j

x, ji +
] (2, z - 1/2
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compared with 3.05(1) A.in the origi-
nal structure (Takeuchi et a1.,1965).

Regarding TI, we note that futhas
bh seven near S atoms at the distances

ranging from 3.123. A to 3.343 A
(Table 4)1.Tbecoordination polyhe-
dra .formed bytbose S atoms about
TI is very irregular, giving rise to an
open spalce towards the A slabl(Fig.
1). In the space, there are thrice further
neighbotllrs of S atoms at longer dis-
tances (Table 4). The TI atom then has
ten S neighbours, the average bond
)'ength is 3.451 (4) A. From the ionic
radii of TI for six-, eight-and twelve-
foM coordinations (Shannon, 1976)~
we find,. by interpolation, the ionic
radius 1.65 Afor tlen-fold coordinated
TL Then using the ionic radius 1.84 A
for S -2 (Shannon, 1976), the Tl- S
distance for ten-fold coordinated Tl
is ,calculated to be 3.49 A...This value
compares rather well with the above
value 3.451 A when we take into ac-
count of the large size and very .irregu-
lar comdination of the T! atom.

The eighth neighbour of the Tl
atom is in fact AsI, no,t 8, which is at
a distance 3.605(2) A. Similar Tl- As
(So or other metal atoms) distances
were observed in other TI slilfosalts

Takeuchi, Sawada, 19(1). Likewise, tbe Ph
atom hashvo additional neigh bOUTS,Asl and 1\82, at
distances 3..481(2)0 Aand 3.556(1) A, respectively (Fig. 2).
These situations are the consequence of distortion of the
slab with the PbS-like structure to an SnS type (Hofmaml,
'1935; Del Bucchia~ Jumas, Maurin, 1991), owing to the
strong stereochemical effect of the tone: electron pairs of
the its atoms. Such a mode of distortion of the hut-
chinsonite: slab has been pointed out by Makovicky
U985¥ The shift of the "'half-octahedral sheet" with
~es.pect to its adjacents is slightly over 0.40 of an average
value of the pseudooctahedral edge lengths,.

The atomic distances for the AsS3 pyramids (Table 5)
in tbe n::finea structure give average values: As - S =
2.248U)f\' S-As-S angie = 96.93(2Y, and S-Sedge

= 3.409(1) A. They agree wen with tile corresponding
values of orpiment, AszS,} (Mullelt, Nowacki, 1912). 1"he
pyramids formed. by sulfur ato~s about ~s4 and As.S
built up a two-'fold

. . .

wtth a chemIcal composI-
tion As",Sa> As. pointed out by Takeuchi et at (1965):,
these chains are joined together with the AsS.) pyramids
by sharing sulfur atoms, forming a shed paraiiel to (0.10)
which has a composition 2820>One ofthe sulfur atoms
of the AsS.} pyramid, however, is shared with one sulfur
of the As2SS group (Takeuchi et at, 1965) in the B. slab.

Thus, the sheet is in fact a branched sheet havmg a
chemical composition AswSu, (or AsSS9}. . .

As observed in Table 2, the bond-valence ca1culaho~s
show that the minor content Sh is preferably located t.n
the As3 site which joins together the Am1id 13slabs. Tins

(/ 8)
= 4[TiIPbA:sSS9]

4[TIPbAS3Si.]
. ----.-..

Fig. 1. The crystal strlLcture of hutchinsonite projec~ed downc, showing A and B slabs.
Large solid circles, large open -circles, shaded circles, and smaJI open circles represent TI,
Ph. As and S aloms, respectively. Independent As amI S :atoms (Table ::1),are indicated
by corresponding figures. Bong-lengths TI-S, Pb -S < 3.5 'A aI1d As-S < 2.4 A are dl"awm
by open sticks ancl ex~ra metal-As distal'1ices smaller than 3..61'A are drawn by dotted
sticks.

in hutchinsonite, in
Upper indices refer to "yruruetry c;odes in Tab~e 4.,

S3i-S2"
S5"-S2~
rnean

S3-l\sl-S5
S3- AsJ - 8£
85-l\sl-S2

54-As2-55
84-l\s1-85
SS-As2-S1

84"-81"
SS~- S1 l

mean

As3-pymmid
S8\"- S~}<I
S8"-S4~
S4~-89~

3.466(5) St-As3-S9
:88-,;\.,,3-S4
S4-As3-S9

mean 3.39G(S) mean

87-1\84-$6
S7-l\s4-88
S6-As4-S8

3296(5)
3321(5)
3.464(5)

3362{5i mean

S6'-Sgf

I\s5-pyram~d
S6" - 57"
86" -- 594
S7"- S91.

IHcan

S6-As5-S7
56- As5- 59
SI -AsS - 39

335&(6}
3.224(5)
3.480(oj

3_.154'(6) me.m

91.7( 1}

95_1(1.}
91.6(j)
89.4(1 )

94.2{1)
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Fig. 2. The conformation of the B slab viewed down I~,showing alternate displacements of
the (Tl,Pb, As)-S layers. Atoms are represented as in Fig. I. Bond lengths D-S < 3.4
A,Pb-S < 3.1 A am1d As-S < 2.4 A are drawn by open sti,cks and extra metal-As
distanoes arc drawn by dott,ed sticks.

Ii",esultis in oeonformity wirth tbe rdatively high occupancy
1.065(8) obtained when refinement was made by locating
only the As atom at the sit,e (Table 2).
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