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A redetermination of the structure of `La32.66Fe11S60' in the

trigonal space group R3m led to the new formula La52Fe12S90

and to a rede®nition of the structure type. In the structure, the

Fe2+ cations occur in Fe2S9 dimers of face-sharing octahedra

(with 3m symmetry). The dimers are linked by face- and

vertex-sharing bi- and tricapped LaS6 trigonal prisms (with m

symmetry) to form a three-dimensional network containing

two types of cuboctahedral cavities. The larger cavities remain

empty, while the smaller ones accommodate alternative sites

for disordered La3+ cations.

Comment

In a search for materials with interesting magnetic properties,

we have begun a reinvestigation of the R±Fe±S system (R =

rare earth metal). With the larger rare-earth metals, phases of

three different compositions are formed, viz. R2Fe2ÿ�S5 (R =

La, Ce and Pr), R3Fe2ÿ�S7 (R = La, Ce, Pr and Nd) and

R52Fe12S90 (R = La, Ce, Pr and Nd) (Collin et al., 1968; Patrie et

al., 1968; Du & Tang, 1984). We have recently determined the

structures of Ce2Fe1.82S5 (Harms et al., 2005) and Ce3Fe1.94S7

(Mills & Ruck, 2004). The structure of La52Fe12S90 is reported

here.

La52Fe12S90 adopts a structure type that has been the source

of considerable confusion. The existence of a family of

compounds of composition R2TS4 (R = La and Ce, and T = Cr,

Mn and Fe) having monoclinic cell parameters was ®rst

reported by Patrie et al. (1968). The crystal structures of

La32.66T11S60 (T = Mn and Fe) were subsequently determined

in the non-standard monoclinic space group Bm (Collin &

Laruelle, 1974), but it was later suggested that the symmetry of

the structures is actually trigonal (Cenzual et al., 1990). More

recently, an X-ray diffraction investigation of La15.9Cr5.4S32

established that the correct space group for the structure type

is R3m (Litteer et al., 1999). We report here the redetermi-

nation of `La32.66Fe11S60' in R3m and propose the new formula

La52Fe12S90. Views of the structure along [001] and [110] are

presented in Figs. 1 and 2, and selected geometric parameters

are listed in Table 1.

The two independent Fe atoms occur in Fe2S9 dimers of

face-sharing octahedra, which reside on the 3 axes. The dimers

are composed of octahedra that are trigonally compressed

along [001]. The terminal Fe1ÐS3 and Fe2ÐS1 distances are

both shorter than the bridging Fe1ÐS2 and Fe2ÐS2 distances

(Table 1), suggesting a repulsion between the iron cations. The

resulting Fe1� � �Fe2 distance of 3.222 (7) AÊ is considerably
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Figure 2
A [110] section of the structure of La52Fe12S90, with the atomic labelling
scheme indicated. Displacement ellipsoids are drawn at the 90%
probability level. Key: La atoms are dark grey, Fe atoms medium grey
and S atoms light grey. [Symmetry code: (i) x + 2

3, y + 1
3, z + 1

3.]

Figure 1
View of the structure of La52Fe12S90 along [001]. Displacement ellipsoids
are drawn at the 90% probability level. Key: La atoms are dark grey, Fe
atoms medium grey and S atoms light grey.



longer than the 2.980 (6) AÊ distance between Fe atoms in the

[FeS6/2] chains of Ce3Fe1.94S7 (Mills & Ruck, 2004). The FeÐS

distances in La52Fe12S90 are comparable to those of 2.45±

2.67 AÊ found in the FeS6 octahedra of La2Fe2S5 (Besrest &

Collin, 1977).

The La atoms occupy several different types of coordina-

tion environments, owing in part to the positional disorder of

atom La1 (see below). The most populated La1 site, La1b, and

the fully occupied La2 and La3 sites centre bi- and tricapped

trigonal prisms (or, alternatively, square antiprisms and

monocapped square antiprisms) of S atoms. If all LaÐS

distances less than 4 AÊ are considered, then La1b [La1bÐS =

2.774 (4)±3.352 (6) AÊ ] and La3 [La3ÐS = 2.8995 (13)±

3.811 (5) AÊ ] can be described as eight-coordinate, and La2

[La2ÐS = 2.875 (3)±3.437 (4) AÊ ] as nine-coordinate. The

range of LaÐS distances is similar to that observed in the

capped trigonal prisms of La4Ge3S12 (2.86±3.73 AÊ ; Mazurier &

Etienne, 1974).

In addition to sharing faces and vertices with one another,

the prisms each share either one (La1bS8 and La3S8) or two

(La2S9) faces with an Fe2S9 dimer, as well as a vertex with a

neighbouring dimer. The dimers, in turn, share their 12 lateral

faces and all of their vertices with La-centred polyhedra. The

resulting three-dimensional network contains large cubocta-

hedral cavities. Two types of cavities alternate along the 3 axes,

separated by the Fe2S9 dimers. Smaller cavities outlined by six

S1 and six S4 atoms surround the 3b sites, and larger cavities

outlined by six S3 and six S5 atoms surround the 3a sites. The

volumes of the cavities de®ned by the atom centres are 114

and 132 AÊ 3, respectively (calculated using the program

VOID95; Koch & Fischer, 1995).

While the larger cavity remains empty, the smaller cavity

accommodates alternative sites for the disordered La atom,

La1. Site La1b, at the edge of the cavity, is non-ideal, since it is

located only 3.60 (2) AÊ from itself. The La atoms, therefore,

move away from this position and occupy a path of six closely

spaced sites (La1a±La1f) that extends into the neighbouring

cavity (Fig. 3). The total occupancy of these sites is 8/9, the

vacancies being necessary for charge balance. The outer sites,

La1a±La1c, which have a combined occupancy of approxi-

mately 80%, are eight-coordinate, with bicapped trigonal±

prismatic (or square±antiprismatic) coordination geometries

similar to those of La2 and La3. However, more unusual

coordination environments are encountered for the inner

sites, La1d±La1f, which have individual occupancies ranging

from only 1 to 7%. La1d is coordinated by ®ve S atoms in a

square±pyramidal arrangement, La1e is coordinated by eight S

atoms in a bicapped trigonal±prismatic arrangement, and

La1f, located at the centre of the cavity, is coordinated by six S

atoms in an octahedral arrangement. The split La1 positions

suggest that the trivalent cations are mobile; the sparsely

occupied inner sites can be regarded as local energy minima

on the path between the more favourable outer sites.

Aside from symmetry considerations, the main differences

between our structural model and those previously proposed

for the structure type involve the ®lling of the two cavities. In

the ®rst structures of this type to be determined, La32.66T11S60

(T = Mn and Fe), the smaller cavity contains an implausible T2

dumb-bell, and the sites at the edge of the cavity, equivalent to

La1b in our structure, are 60±80% occupied (Collin &

Laruelle, 1974). In the more recently published structure of

La15.9Cr5.4S32, three sites just outside the smaller cavity are

partially ®lled by La or Cr, with a total occupancy of

approximately 90%, and one site inside the cavity is occupied

by an S atom with a non-positive de®nite displacement ellip-

soid (Litteer et al., 1999). An additional S atom is located

inside the larger cavity, which remains empty in the other

structures. However, since La15.9Cr5.4S32 was synthesized in an

LaCl3 ¯ux, it is possible that this site actually belongs to a

misassigned Cl atom. Using a similar synthetic method, we

have recently isolated the compounds Ce53Fe12S90X3, in which

X atoms (X = Cl, Br or I) occupy this site, from reactions in

CeX3 ¯uxes. The structures of the ®lled compounds will be

communicated shortly (Mills & Ruck, 2006).

Experimental

Hexagonal prisms of La52Fe12S90 were unexpectedly isolated from a

¯ux reaction designed to produce La3Fe2S7. The starting reactants

were lanthanum (rod, > 99.5%, Treibacher; freshly ®led under argon

prior to use), iron (powder, 99.99%, ABCR) and sulfur [powder,

> 99%, VEB Laborchemie; recrystallized from CS2, then puri®ed of

carbon according to the method of von Wartenberg et al. (1956)]. A

1:1 mixture of LiCl (p.a., Merck) and KCl (p.a., J. T. Baker) was used

as a ¯ux after being heated under dynamic vacuum to remove any

moisture. The elements, in an La:Fe:S ratio of 3:2:7 (0.25 g in total),

were added to the LiCl/KCl ¯ux (0.5 g) in a fused-silica ampoule

(6 cm in length and 0.8 cm in diameter), which was then sealed under

vacuum (10ÿ3 Torr). The reaction mixture was heated at 1170 K for

four days and then cooled to room temperature over a period of four

days. The ¯ux was removed by washing the sample several times with

water and ethanol. Energy-dispersive X-ray (EDX) analysis on a

Philips XL30 scanning electron microscope of crystals isolated from

the product con®rmed the presence of La, Fe and S in the appropriate

inorganic compounds
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Figure 3
Positional disorder of La1 in La52Fe12S90. A path of six closely spaced
sites extends into the smaller cuboctahedral cavity. The size of the La1a±
La1f atoms at each site represents their occupancy, and the lines
connecting them represent possible paths between the sites. The total
occupancy of the sites is 8/9.



ratios. Analysis (mol%): La 34.8 (2), Fe 7.1 (5), S 58.1 (3) (average of

two analyses).

Crystal data

La52Fe12S90

Mr = 10778.92
Trigonal, R3m
a = 14.0426 (5) AÊ

c = 21.776 (1) AÊ

V = 3718.8 (3) AÊ 3

Z = 1

Dx = 4.813 Mg mÿ3

Mo K� radiation
� = 16.96 mmÿ1

T = 293 (2) K
Prism, black
0.15 � 0.12 � 0.10 mm

Data collection

Stoe IPDS-II diffractometer
! scans
Absorption correction: numerical

[X-RED (Stoe & Cie, 2001);
crystal description optimized
based on equivalent re¯ections
using X-SHAPE (Stoe & Cie,
1999)]
Tmin = 0.210, Tmax = 0.363

19622 measured re¯ections
1018 independent re¯ections
1000 re¯ections with I > 2�(I )
Rint = 0.041
�max = 27.0�

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.043
wR(F 2) = 0.104
S = 1.20
1018 re¯ections
65 parameters

w = 1/[�2(F 2
o) + (0.033P)2

+ 405P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.001
��max = 3.27 e AÊ ÿ3

��min = ÿ4.12 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.00033 (2)

In the new data set collected for the title compound, the intensity

statistics were consistent with Laue symmetry 3m, and a trigonal cell

was found. The only systematic re¯ection condition obeyed was that

for R-centring (hkl: ÿh + k + l = 3n, obverse setting). The centro-

symmetric space group R3m was therefore chosen on the basis of the

close relationship between the structures of La52Fe12S90 and

La15.9Cr5.4S32 (Litteer et al., 1999). No evidence of superstructure,

symmetry lowering or twinning was observed. After three lanthanum,

two iron and ®ve sulfur sites had been found through repeated

re®nements and difference Fourier syntheses, additional residual

electron density remained in a series of closely spaced sites extending

from La1 to the centre of the neighbouring cuboctahedral cavity at

(0, 0, 1
2 ). These were attributed to a positional disorder of La1. The six

split positions La1a±La1f were re®ned with the same isotropic

displacement parameter, and their occupancies were constrained to

total 8/9, as required for charge balance. The occasional ®lling of the

cavity requires a structural readjustment, which is re¯ected in the

larger displacement ellipsoids of some atoms, particularly those

de®ning the cavity (S1 and S4). Atomic positions were standardized

using the program STRUCTURE TIDY (Gelato & PartheÂ, 1987).

Data collection: X-AREA (Stoe & Cie, 2004); cell re®nement:

X-AREA; data reduction: X-RED (Stoe & Cie, 2001); program(s)

used to solve structure: SHELXS97 (Sheldrick, 1997); program(s)

used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular

graphics: DIAMOND (Brandenburg, 1999); software used to prepare

material for publication: SHELXL97.
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: IZ1068). Services for accessing these data are
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Table 1
Selected bond lengths (AÊ ).

La1bÐS1ii 2.774 (4)
La1bÐS2iii 2.858 (7)
La1bÐS4iv 3.022 (6)
La1bÐS2v 3.249 (9)
La1bÐS5vi 3.352 (6)
La2ÐS3vii 2.875 (3)
La2ÐS2iii 2.9006 (10)
La2ÐS5iii 2.9737 (5)
La2ÐS3viii 2.983 (4)
La2ÐS1 3.247 (8)

La2ÐS4ix 3.437 (4)
La3ÐS3ix 2.8995 (13)
La3ÐS4x 2.9132 (6)
La3ÐS1 2.968 (5)
La3ÐS5iii 2.9769 (19)
La3ÐS2 3.811 (5)
Fe1ÐS3vi 2.456 (4)
Fe1ÐS2vi 2.727 (6)
Fe2ÐS1ii 2.432 (6)
Fe2ÐS2vi 2.595 (5)

Symmetry codes: (ii) ÿx� 1
3;ÿy� 2

3;ÿz� 2
3; (iii) ÿy� 2

3; xÿ y� 1
3; z� 1

3; (iv) ÿy, xÿ y,
z; (v) y ÿ 1

3;ÿx� y� 1
3;ÿz� 1

3; (vi) ÿx� 2
3;ÿy� 1

3;ÿz� 1
3; (vii) ÿx� 4

3;ÿy� 2
3;ÿz� 2

3;
(viii) xÿ 1

3; y� 1
3; z� 1

3; (ix) ÿx� y� 1;ÿx� 1; z; (x) y� 1
3;ÿx� y� 2

3;ÿz� 2
3.


