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Crystal structure of rasvumite, KFerS,
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Abstract

Rasvumite, KFerSr, isostructural with BaFerS, described by Hong and Steinfink (1972), is
orthorhombic, Cmcm, a :9.M9(6), D : I1.019(7), c : 5.431()A, V : 541.543, Z: 4, density
(calc) : 3.O29 g cm-3. Least-squares refinement of 332 single-crystal hkl redue,ed the conven-
tional residual to 0.081. The structure contains double edge-sharing chains of Fe-S tetra-
hedra parallel to c and face-sharing pairs ofK-S polyhedra that also form double chains par-
allel to c. The average bond distances are: Fe-S :2.264, Fe-Fe : 2.710, K-S : f.5l5A. By
analogy to BaFerSr, rasvumite has high-spin iron with delocalized electrons such that the av-
erage oxidation state is close to the 2.5+ indicated by the formula.

Introduction

Rasvumite was discovered at the Khibina massif.
Kola Peninsula, USSR, and described by Sokolova et
al. (1970). The chemical formula originally proposed,
KrFe,nS,r, with Z: I in the orthorhombic cell, was
not compatible with the symmetry. The correct for-
mula, KFerSr, was assigned by Czamanske et al.
(1979) after discovery and study of rasvumite at Coy-
ote Peak, Humboldt County, California.

The Coyote Peak rasvumite has not been found in
crystals as excellent as those found in the Khibina
massif. Through the courtesy of M. N. Sokolova,
Academy of Sciences, Moscow, some of the original
crystals were made available to us for study, and one
of these was selected for structural analysis.

Comparison of the crystallographic data for rasvu-
mite with those reported for synthetic BaFerS, by
Hong and Steinfink (1972) left little doubt that the
two are isostructural despite the differences in chem-
istry and formal valence. The isostructural relation-
ship is confrmed by the results of our refinement for
the rasvunite structure. A brief preliminary descrip-
tion was given by Clark et al. (1979).

Experimental data

Crystallo graphy, collection of data

The crystallographic data for rasvumite given by
Czamanske et al. (1979) were confirmed upon exami-
nation of the Khibina crystal selected for the struc-
tural study. That crystal was a prismatic fragmsil [.5
mm long anLd 0.2 x 0.05 mm in cross-section. It was
impossible to obtain a more nearly equant crystal be-
cause ofits tendency, noted by Sokolova et al. (1970\,
to split into fine needles when pressed. A least-
squares fit of the angular coordinates of 29 automati-
cally centered reflections tn the 20 range 30o to 46"
gave the values in Table l. For comparison, the val-
ues reported by Sokolova et al. and by Czamanske et
al. (1979) are also listed in Table l, together with
those for the isostructural synthetics, BaFerS, (Hong
and Steinfnk, 1972) and CsCurCl3 @rink et al.,
l9s4).

A total of458 reflections in the angular 20 range of
5o to 60o was measured using an oy20 scan mode, a
scan range of 2", graphite-monochromatued MoKa
radiation, and a solid-state detector system. Two
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a ( A )  9 . 0 4 9  ( 6  )  9 . 1 2
b ( A )  1 1 . 0 1 9 ( 7 )  1 1 . 0 8
c ( A l  5 . 4 3 1 ( 4 )  5 . \ 7
v(Ar )  541.5  1552.71
Dens i !y ,
( e/en1)

c a l c .  3 . 0 2 9  3 . 1 9
o b s .  3 . 1

Table l. Crystallographic data compared for rasvumite and
BaFe2S3.r Orthorhombic, Cmcm (no.63), Z: 4

ParaDeter nasroi te,  KFe2S? -' '  -<- 5

Synthet lc

Hong and Sbelnf ink

( 1 9 7 2 \ 1 /

u . s . s . R .  u . s , A .
Kola Peninsula Cal i fornia

This sludy?/ Sokolova Cz4anske
e t  a l .  e t  a _ Z ,

( :p7o)3/  (87i l3/

of symmetry wes confirmed. Least-squares refine-
ment was initiated using the atomic parameters for
BaFe,S, (Holg and Steinfink, 1972). The conven-
tional unweighted residual R : >llF"l - lF"llplF"l
began at 0.664 for th6 332 observed data. After only
3 cycles of refinement for scale and positional param-
eters (unit Weights used throughout), R had dropped
to 0.147. After 6 more cycles, 3 to refine isotropic
temperature parameters and 3 to refine anisotropic
thermal parameters, the final R was 0.081 and the av-
erage shift/error was 0.01. A final three-dimensional
diference Fourier was featureless.

The atomic parameters are given in Table 2 to-
gether with those for the isostructural BaFerSr. Be-
cause the data are uncorrected for absorption, ani-
sotropic thermal parameters and ellipsoids are not
given, although all these were reasonable, without
abnormalities. The observed and calculated factors
for rasvumite are compared in Table 3.'

Discussion of the structure

The principal feature of the structure is the pres-
ence of double chains formed by pairs of Fe-S tetra-
hedra sharing edges with other pairs so that the
chains are oriented parallel to c. The chains pack two
per cell at x : 0 and x : l/2. Within the spaces re-
maining, pairs of face-sharing, K-coordination poly-
hedra form another set of double chains parallel to c.
These are crosslinked by edge-sharing to complete

'To obtain a copy of this table, order Document AM-80-135
from the Business Office, Mineralogical Society of America, 2000
Florida Avenue, N.W., Washington, D.C. 20009. Please remit
$1.00 in advance for the microfiche.

Table 2. Atomic and thermal parameters for rasvumite and
BaFe2S3'

A t o m  P o s i t i o n ,

Crcn

Paraneter

Eq utv.
isotroplc

B ( A Z )

9 . 0 3 5 ( 1 )
1 1 . 0 2 2 ( 1 )
5 . 4 2 6 ( 1 )
5 4 0 . 4

3 . 0 3 5
f3 .  1

8 . 7 8  3 5  ( 9  )
1 1 . 2 1 9 ( 1 )
5 .2860(5)
[ 5 2 0 . 9 1

4 . 4 0
4 . 0 0

- ' C s C u 2 C 1 3  i s  a l s o  i s o s t r u c t u r a t :  a  =  9 . 4 9 ( 2 ) ,  b  =  1 1 . 8 8 ( 2 ) ,

c  =  5 . 6 1 ( 4 ) A  ( B r i n k  e r  a j . , 1 9 5 \ ) .

?/one estinated standard devia!ion for the tasL decimal pface
g iven is  shown in  parentheses ;  fo r  9 .049(6) ,  read 9 .0q9 f  O.006A,
etc .

: 'Values calculated by us are enclosed in brackets.

standard reflections, one at X : 0o and one zt y:
90o, were monitored after each group of 30 reflec-
tions had been measured. There was no significant
variation in integrated intensity during the 24 hours
required for the data collection. Of the 458 reflec-
tions, I 18 had intensities less than 3o(1), where o(1) is
one standard deviation of the intensity ^I as calcu-
lated from the formula by Corfield et al. (1967) usrng
an instrumental instability constant of 0.04. Random
failures during processing of the paper-tape output
eliminated 8 reflections, so the final data set con-
tained 332 observations with I > 3o(I). These data
were corrected for Lorcntz and polarization factors.
Unfortunately, the crystal was moved before its cor-
rect orientation had been recorded, and an attempt to
apply an absorption correction 0-t:71cm-,, MoKa)
based on a "best guess" was unsuccessful. Com-
mitments for diffractometer time prevented repeti-
tion of the data collection.

Refinement of the data

Computer programs of Stewart (1976), particularly
DATRDN, ABSORB, NORMSF, LOADAT, CRYLSQ,
FoURR, BoNDLA, and LISTrc, were used for the data
processing and refinement. Neutral atomic scattering
factors derived from the coefficients for the analytical
expression (Doyle and Turner, 1968) and anomalous
dispersion values (Cromer and Liberman, l97O),
both taken fron lbers and Hamilton (1974, p. 99,
148-149), were applied to the data. Norm alized.
structure factors were calculated so the statistical dis-
tribution could be examined; the presence of a center

J Values in l tal ics are for BaFezS3 froE Hong and Stelnf ink

(1972);  equlvalent isotropic B values calculated froE their  data,

Numbers In parentheses are one est lnated standard deviat lon: for

0 . 3 5 0 2 ( 3 )  r e a d  0 . 3 5 0 2 j 0 . 0 0 0 3 ,  e t c ,

8gs ( 2 )

0 . 3 5 0 2 ( 3 )  0 . 5 0 0 0
.  3464(  4 )

0 . 5 0 0 0  0 . 6 1 9 1 ( 5 )
. 6 1 4 7 ( 9 )

0 . 2 1 7 4 ( 5 )  0 . 3 8 5 9 ( 5 )
.2074(9)  .3768(7)

0 .  5000 0 .  1  699 (7  )
. 8 5 9 (  3  )

o .  1 . 1 8
0 . 6 3

0 . 2 5 0 0  1 . 1 6
o . 7 9

0 . 2 5 0 0  1 . 7 4
7 . 4 7

0 . 2 5 0 0  2 . 3 3
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the space-filling array. The tetrahedral double chains
and a face-sharing pair of K atoms are illustrated in
Figure I as viewed along D. In Figure 2 both are seen
on end, viewed along c; the edge-sharing ofK coordi-
nation polyhedra is visible. The chain structure par-
allel to c undoubtedly accounts for the fibrous char-
acter and elongation of the crystals in that direction.
Sokolova et al. (1970) reported perfect cleavage par-
allel to (ll0); this cleavage cuts across the double
chains between the K-coordirtation polyhedra (Fig. 2).

The Fe-S tetrahedra and chains

There is only one crystallographically distinct tet-
rahedron in the structure. To form the pairs, it shares
a S(l)-S(l)e edge'?with its equivalent related by the
twofold axis parallel to a. These pairs share S(l)-S(2)
edges with equivalents related by the mirror planes
normal to c at l/4, 3/4, thus forming the double
chain. Bond distances and angles are given in Table
4, where they are compared with those reported for
the synthetic Ba analogue. The tetrahedron appears
to be less regular in rasvumite, although the average
Fe-S distances are nearly the same in both, and the
Fe-Fe(e) approach corresponding to the chain for-
mation is about 0.07A longer in rasvumite. Sub-
stitution of Cu, Ni, etc., for Fe might be anticipated
in the natural material; however, in the microprobe
analyses reported by Czamanske et al. (1979) Cu or
Ni were not detected above the O.Ol wt.Vo level. Per-
haps the electronic orbitals of iron (discussed in an-
other section) are essential to the double chain, thus
making substitution of another element unlikely. The

2 See Table 4 for definition of the atom labelling.

Fig. 2. A view on (001) of selected atoms in the rasvumite
structure, showing the linkage of K-coordination polyhedra and
two tetrahedra of one double chain. Large circles represent sulfur
atoms.

three S-Fe-S angles of the tetrahedron are close to
the average tetrahedral angle in value (109.5o), but
the S(2)-Fe-S(2)e angle opens out to ll4o-115" in
rasvumite and BaFerS., probably increased because
this angle is toward the open side of the chain.

Aside from these isostructural compounds, no
other structures containing similar double Fe-S tet-
rahedral chains have been reported. Single chains of
edge-sharing Fe-S tetrahedra occur in the structures
of KFeS, (Boon and MacGillavry, 1942; Stevens,
1979), RbFeS, and CsFeS, (Bronger, 1968), erdite,
NaFeS, '2H2O (Konnert and Evans, 1980), and
Ba,Fe,uS., (Hoggins and Steinfink, 1977). The aver-
age Fe-S distances range from 2.2lAto 2.38A in the
single chains; the average double-chain Fe-S dis-
tance is 2.274. The average Fe-Fe approaches are
closer in the double chains, 2.694, compared to the
range of 2.71-2.874 for the single chains.

The large cation-coordination polyhedra

The K-S distances and K-K approaches are listed
in Table 5, where they are compared with values for
Ba-S and Ba-Ba in BaFerS, (Hong and Steinfink,
1972), and the Cs-Cl distances in the isostructural
CsCurCl. (Brink et al., 1954). For the latter, the au-
thors described the Cs coordination polyhedron as a
trigonal prism with two additional Cl atoms on two
lateral faces and two at somewhat longer distances
on the third lateral face. The K-coordination poly-
hedron in rasvumite can also be described this wav

Fig. l. A view on (010) of selected atoms in the raswrnite
structure, showing the edge-sharing double tetrahedral chains and
a face-sharing pair of K-coordination polyhedra. Large circles
represent sulfur atoms.
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Table 4. The Fe-S tetrahedra compared for rasvumite and BaFe2S3l

Atons? Dis tance  (A )

Rasvumite BaFerS,

This study Hong & Steinf ink
(1972 )

Aneles (o)

RasvuniLe BaFe2S3

This study Hong & Steinf ink
(1972 )

Atons

S atoms
in S-Fe-S

F e - S ( 1 ) ,  S ( 1 ) e
- S ( 2 ) ,  S ( 2 ) e

averaSe

Fe -Fe ( f )  [ pa i r sJ
-Fe (e )  [ cha ins ]

average

s ( 1 ) - S ( 1 ) e
S ( 1  ) - S ( 2 ) ,  S ( 1  ) e - S ( 2 ) e
S (  1  ) - S ( 2 ) e ,  s (  1  ) e - S ( 2 )
s (2 )  - s (2 )e

average

2 . 3 2 2 ( 4 )
2 .205(u)

2 , 2 6 U

2 . 7 0 6
z .  t  t 5

2 . 7 1 0

3 . 7 7 6 ( 6 )
3 .625(7  )
3 .730(7  )
3 . 7 0 1 ( 5 )

3 .  6 9 8

2 . 2 8  ( 1 )
2 . 2 7  ( 1 )

2 . 2 7 5

2.699$)
2 .643(5)

2 . 6 7 1

3.  689
3 . 7  0 5
3.  688
3 . 8 2 5

3 . 7 1 7

1 ,  l e
1  ) .  1 a  ) a

1 ,  2 e 1  1 e ,  2
2 ,  2 e

Fe -S (  1  ) -Fe ( f )

F e - S ( 2 ) - F e ( e )

1 0 8 . 7 ( 1 )
1 0 6 . 3 ( 1 )

1  1 0  . 7  ( 2 )
1  1 4  . 1  ( 2 )

7 1 . 3
7 F  O

1 0 7 . 6 ( t l )
1 0 8 . 9 ( 4 )

1 0 8 . 1 ( 4 )
1  1 4 . 9 ( 4 )

7 2 . 4

I  t . 1

1/Nutbets in parentheses under d istance and angles are one est imated standard deviat ion;  for  2.322(4),

read 2.322!0.004A, etc.

?/Atont  designated e and f  are re lated to the basic set  (Table 2)  as fo l fows: e = x,  1-y,  L*z;

f  =  1 - x ,  g ,  z .

(Fig. 2). However, the K-S distances associated with
the corners of the trigonal prism differ more than do
the Cs-Cl distances: K-S 3.4064(x4), 3.574A(x2);
Cs-Cl 3.62L(x4),3.66A(x2). Hong and Steinfink
considered the Ba atom to be 8-coordinated. the two

Table 5. Comparison of the large cation-coordination polyhedra
in rasvumite, BaFe2S3, and CsCu2Cl3

Atoms,
M-s Ics-crl

longest distances referred to above being 3.92A,
about 0.5A greater than the other eight. The divalent
Ba cation, having a stronger attraction for anions
than univalent K, shortens some distances and so is
satisfied with fewer neighbors. Iglesias and Steinfink
(1975) discussed the packing of the Ba-S trigonal
prisms in BaFerS, (and BaFerSe.), comparing it with
the hexagonal close-packed layers in SnNi, and
showing the distortions required to go from the latter
to the Ba compounds. The average K-S distance in
rasvumite, 3.5154 for lo-coordination, is longer than
the average K-S distance of 3.394 for 8-coordinated
K in KFeS, (Boon and MacGillayry,1942).

The chains of K (and Ba) coordination polyhedra
are formed by sharing end faces of the trigonal
prisms. However, the edges shared in rasvumite to
produce double chains of polyhedra involve those
sulfur atoms that arc not included in the Ba-coordi-
nation polyhedron. Thus the chain structure is more
pronounced in rasvumite.

Synthesis

After we began our study of rasvumite, Deane K.
Smith, The Pennsylvania State University, Univer-

Bond Raavuolte
mult ipl ic i ty KFe2S3

This study

Syntheti.ca
BaFe2S3 CsCu2CI3

Hong & Brink
SLeinfink et a-2.

( 1 9 7 2 )  (  1 9 5 4 )

s(2) ,  c r ( r )3 /
s ( 2 ) ,  c l ( r )
s ( 1 ) ,  c r ( r r ) z u
s ( 2 ) ,  c r ( r )
average of 8

average of l0

I t - M ( e ) 3
Ans le ,  M-S(2) -M(e)  [cs -c t  ( I ) -Cs(e) ]

3 . 4 0 6 ( e )  3 . 2 9 ( 1 )  3 . 6 2
3 . 4 9 1 ( e )  3 . 3 5 ( 1 )  3 . 7 0
3 .574 (e )  3 .46 (1 )  3 .66
3 .696 (e )  3 .92 (1 )  3 .97
3 .469  3 .35  3 .65
3 .515  3 .46  3 .71

4X

2X
2X

4 . 6 2 5
8 1  .  ' 1 0

4 . 9 4  5 . 1 7
8 6 . 1 0  8 5 , 9 0

: 'NuBber in parentheses is one est inated slandard devlat ion: for

3 . 4 0 6 ( 5 ) ,  r e a d  3 . 4 0 6 1 0 . 0 0 5  A ,  e t d .

?/Th"s. atons are corners of the tr i .gonal pr igns. The orners

occupy posit j .ons nean lateral  faces of the pr isns.
g ' M ( e )  i s  a t  x ,  1 - 9 ,  ] + z  ( s e e  T a b l e  2  f o r  x ,  g ,  z ) .
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sity Park, informed us that material synthesized by
Howd and Barnes (1975) was identified as rasvumite.
He kindly provided some of those synthetic crystals
together with their X-ray data, and we have verified
the identity, although the synthetic crystals are ex-
tremely poor by comparison with the minslal. [Iy-
drothermal synthesis of the rasvumite took place be-
tween 425" and 452"C at a pressure of 5900+20opsi
over a period of 62 hours (Howd and Barnes, 1975, p.
973, Table l).

Oxidation state of iron

With respect to formal valence, iron in BaFerS,
would be in the ferrous state, whereas in KFerS, its
oxidation state would be exactly intermediate be-
tween ferrous and ferric at 2.5+. Reitr el al. (1975)
studied the oxidation state of iron in several barium
iron sulfides, including BaFerSr, using Mdssbauer
spectra, electrical resistivity, and magnetic suscepti-
bility measurements. They found that BaFerS, has a
rather low resistivity, 0.5 ohm cm at room temper-
ature, and a magnetic moment consistent with Fe2*.
The compound is paramagnetic, hence iron is in the
high-spin state. However, the Mdssbauer spectrum
shows only a 5inglg quadrupole with an intermediate
value of the isomer shift between those expected for
divalent and trivalent iron, respectively. Reiff et a/.
interpreted this to mean that electron delocalization
ocrurs to the extent of nearly one-half electron per
iron atom. The existence of KFerS, with the 2.5+ va-
lence for iron appears to confirm this interpretation.

Hoggins and Steinfink (1976) proposed an empiri-
cal relationship modeled after one derived by Brown
and Shannon (1973) to determine the valence state of
iron in tetrahedral coordination with sulfur from ob-
served bond distances. Using their proposed relation-
ship with the Fe-S distances found in rasvumite, the
calculated valence is 2.74 for raswnite, compared
wlrrh2.64 for BaFe,S,. Applying the2.74 value in the
equation proposed by Hoggins and Steinfink for the
predicted isomer shift, 6, rasvumite would be ex-
pected to have 6 : 0.30 mm,/sec. For BaFerS', the
calculated 6 was 0.34 mm,/sec and the observed value
was 0.41 mm/sec. When sufrcient material is avail-
able, a Mdssbauer study of rasvumite will be made
by H. Steinfint, University of Texas, Austin, so that
the results for the isostructural compounds can be
checked and compared.
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