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The structures of many binary solid-state chalcogenides (chalcogen = S, Se, Te)
are known along with the structures of the related ternaries formed by addition of
an alkali metal. Similarly, the structures of many ternary solid-state chalcogenides
are known along with the structures of the related quaternaries formed by addition
of an alkali metal. The dimensionality of such compounds has been examined
through a review of the literature. It is found in general that addition of the alkali
metal lowers the dimensionality of the resultant structure. This trend, which appears
to be general, is illustrated and discussed.

Key Words: binary chalcogenide, ternary chalcogenide, quaternary chalcogenide,
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INTRODUCTION

Beyond doubt, synthesis is the frontier area of research in solid-
state chemistry, for it is self-evident that if a material has not been
synthesized its physical properties cannot be measured! And often
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the properties that newly synthesized materials possess lead to
potentially wide applications.'~® The difficulties of predicting the
existence, composition, structure, and physical properties of po-
tential solid-state compounds are well known,® many (some would
say most) new materials are formed serendipitiously.! Although
some rational approaches to the synthesis of new solid-state ma-
terials exist, including the Zintl concept!'-'* and the notion of
coordination preferences,’” these are of limited applicability. Much
of solid-state chemistry remains largely empirical, and as part of
this empiricism one seeks clues on how to predict structures or
physical properties. Solid-state chalcogenides are an attractive area
of research,'®~2° with many of their interesting physical properties
and applications!.7:8:18.1921-23 related to their propensity to form
low-dimensional networks.!#16:17.24-27 Byt do we understand why
some solid-state chalcogenides have low-dimensional structures?
Can we predict from known structures the dimensionality to be
expected in derivative structures of hypothetical composition? In
general, “‘no” is the answer to these and related questions.
Although dimensionality is a generally understood qualitative
concept, we return to a more thorough discussion of it below. Our
interest in this matter was triggered by the synthesis of a series of
mixed-metal chalcogenides®®-3? with the use of the reactive flux
method.>?** In the series Cu;NbSe *?3% to KCu,NbSe,* to
K,CuNbSe,? to K,NbSe, we go from three-dimensional to two-
dimensional to one-dimensional structures and finally to a structure
that contains isolated K! * cations and NbSe3 ~ anions. In this series
niobium is most conveniently considered to be Nb>* | while copper
and potassium are Cu'* and K'*, respectively. Conceptually, then,
the series represents the progressive substitution of K! * for Cu'*,
and as this occurs the dimensionality of the compound decreases.
Is this a general trend? The answer appears to be “yes.” This
Comment examines the literature of solid-state chalcogenides to
conclude that in general the dimensionality of binary compounds
is lowered by the progressive addition of alkali metal to form
ternaries, and that the dimensionality of mixed-metal ternaries is
lowered by the progressive addition of alkah metals to form qua-
ternaries. This general trend, derived empirically, may represent
another small step in the direction of predicting the composition,
structures, and physical properties of solid-state materials.
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THE DIMENSIONALITY OF A SOLID-STATE
CHALCOGENIDE

We choose to describe solid-state structures in terms of linking of
polyhedra to form extended assemblies. This description is partic-
ularly useful for chalcogenides!® and also emphasizes their struc-
tural relationships with physical properties.*’

The concept of dimensionality of solid-state chalcogenides has
been discussed often.?*37-3% While decreasing dimensionality can
be associated with increasing anisotropy of structure and proper-
ties,?* we find it more convenient to define dimensionality in es-
sentially an intuitive way. Let us illustrate this with the compounds
discussed above. The compound CusNbSe,*2-35 comprises the edge-
and corner-sharing of tetrahedral CuSe, and NbSe, units to form
a structure in which there are Cu-Se and Nb-Se bonding distances
(Fig. 1). We describe such a structure as three-dimensional. Con-
versely, the structure of K;NbSe,* comprises NbSe3~ tetrahedra
isolated from one another by K!* ions (Fig. 2). We describe such
a structure as isolated. Intermediate between these two extremes
are KCu,NbSe, and K,CuNbSe,. In the structure of KCu,NbSe,?
edge-sharing and corner-sharing tetrahedra form layers that are
separated by K'* ions (Fig. 3). This structure we describe as two
dimensional. In the structure of K,CuNbSe,?® infinite chains of
edge-sharing, alternating CuSe, and NbSe, tetrahedra are sepa-
rated from one another by K'* ions (Fig. 4). We describe this

FIGURE 1 The Cu;NbSe, structure {Refs. 32 and 35).
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FIGURE 2 The K;NbSe, structure (Ref. 36).
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FIGURE 3 The KCu,MSe, (M = Nb, Ta) structure (Refs. 29 and 32).

structure as one dimensional. One sees that in describing the de-
creasing dimensionality from three to two to one to isolated we
have focused our attention on the non-alkali metal portion of the
structures.

Since this approach to dimensionality depends upon the per-
ception of bonding interactions, there clearly are structures whose
dimensionality is ambiguous. TiSe,* is a two-dimensional structure
made up of infinite two-dimensional slabs interacting with one
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FIGURE 4 The K,CuMSe, (M = Nb, Ta) structure (Refs. 28 and 31).

another through weak van der Waals’ forces. Contrast this with
transition-metal ditellurides where the basic structure is the same
but where the interactions between layers can be interpreted®®-*
as being somewhat stronger than van der Waals’ forces. Never-
theless, such forces are still weak compared with intraslab forces,
and for our purposes we consider such ditellurides as being two
dimensional.

INFLUENCE OF ALKALI METALS ON
DIMENSIONALITY

The structures of more than four hundred alkali-metal containing
and related solid-state chalcogenides have been determined. This
number does not include the numerous structures known where
there is intercalation of alkali metals into the van der Waals’ gaps
of layered binary chalcogenides. The intercalation chemistry of
two-dimensional layered compounds has received extensive atten-
tion.!-18-41-43 Since intercalation is generally reversible through ap-
propriate chemical or thermal treatment and does not involve a
structural transformation, such compounds are excluded from the
following discussion. We also exclude the comparison of structures
where a change of oxidation state of metal and chalcogen occurs
upon addition of an alkali metal. Such an example would be FeS,
(Fe?*, S27) to KFeS, (Fe**, K'*, §27). With these exclusions,
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Selected examples of alkali-metal content vs. dimensionality in

TABLE |

solid-state chalcogenides.

Oxidation
Element State Compound M/A° Dim.® Ref.
Sc 3+ Sc.S, 3-D (60)
3+ NaScS, 1.G 2-D (61)
Ln® 3+ Ln.S, 3-D (62)
3+ NaLnS. 1.0 2-D (63)
Ti 4+ TiSe. 2-D (40)
4+ Na,Ti.Se, 1.0 1-D (64)
Nb 5+ CuNbQ, (Q = S. Se. Te) 3-D (32, 39)
5+ KCu,NbQ, (Q = S. Se) 3.0 2-D (29)
5+ K.Cu;Nb.Q, (Q = S, Se) 1.7 1-D (30)
5+ K.CuNbSe, 1.0 I-D (28)
S5+ K.,CuNb,Se,. 1.0 1-D (28)
S5+ KiNbQ, (Q = S, Se) 0.33 Iso. (36)
5+ Nb,Q. (Q = S, Se) unstable (32)
Ta S+ Cu,TaQ, (Q = §, Se) 3D (35)
5+ KCu,TaSe, 3.0 2-D (32)
5+ K.Cu,Ta,Q, (Q = §. Se) 1.7 1-D (30)
5+ K-CuTaSe, 1.0 1-D 31
5+ K.TaQ, (Q = S, Se) 0.33 Iso. (36)
S+ Ta,Q. (O = S. Se) unstable (32)
Cr 3+ Cr.S, 3D (65)
3+ ACr S, (A = K, Rb, Cs) 5.0 3-D¢ (66)
3+ KCrS, 1.0 2-D 67)
Mn 2+ MnS 3D (44)
2+ A.Mn,S, (A = K, Rb, Cs) 1.5 2-D (45, 46)
2+ A.MnQ, 0.5 1-D 47
(A = K,Rb,Cs: Q =S, Se,
Te)
2+ AMnQ, 0.17 Iso. (48)
(A = Na,K;Q = 8§, Se, Te)
Fe 3+ Fe,S, unstable (61)
3+ AFeS. (A = K, Rb, Cs) 1.0 1-D (68)
3+ Na,FeS; 0.2 Iso. (69)
Co 2+.3+ Co,S, 3-D (70)
2+.3+ Na,Co,Ss 0.4 1-D 71)
2+ Cs,CosS, 1.5 2-D (46)
2+ NagCoS, 0.17 Iso. (71)
Pd 24 PdS 3-D (49, 50)
2+ A,Pd,Q, 1.5 2-D (51, 72)
(A = K,Rb,Cs; Q =S, Se)
24 A,PdQ, 0.5 1-D (52, 53)
(A = Na, K, Rb; Q = §, Se)
Ag 1+ Ag.S 3-D (73)
1+ ALAES, (A = K, Rb) 2.0 2-D (74)
1+ Na,AgS, 0.33 1-D (75)
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TABLE [ (Continued)

Oxidation
Element  State Compound M/A  Dim.:® Ref.
Zn 2+  ZnS 3-D (76)
2+ Na,Zn,S, 1.5 2-D (46)
2+ Na,ZnS, 0.5 1-D (71
2+ NagZn$S, 0.17 Iso. Y
Hg 2+ HgS 3-D (54)
2+ A,HgQ, 3.0 3-D° (55, 56)
(A =K,Cs;Q =8, Se)
2+ A,Hg,Q, 1.5 1-D (55, 56)
(A =K,Cs;Q =S, Se)
2+ AcHgQ, 0.17 Iso. (57)
(A = K,Rb; Q = §, Se)
Al 3+ AlLS, 3-D 7)
3+ AAIQ, 1.0 1-D (78)
(A = Na, K; Q = Se, Te)
3+ Na,AlS, 0.33 Iso (79)
Ga 3+ Ga,Se, 3-D (80)
3+ CsGaSe, 1.0 1-D 81)
3+ Cs,0GagSe,, 0.6 Iso. (81)
3+ CsgGa,Se,, 0.5 Iso. (81)
3+ CseGa,Seq 0.33 Iso. (81)
In 3+ In,S, 3-D (82)
3+ KIn,S, 5.0 3-D¢ (83)
3+ AInS, (A = K, Rb, Cs) 1.0 1-D (84)
St 4+ SiTe, 2-D (85)
4+ Cs,Si,Te, 1.0 1-D (86)
4+ $iQ, (Q = S, Se) 1-D (87)
4+ Na,S$i,S,, 1.0 Iso. (88)
Ge 4+ GeQ, (Q = S, Se) 2-D (89, 90)
4+ Na,GeSe, 0.5 1-D (91)
4+ Na,GeSe, 0.25 Iso. (92)
Sn 4+ $nQ, (Q = S, Se) 2-D (25)
4+ Na,Sn,;S, 0.75 2-D (93)
4+ NagSn,S, 0.33 Iso. (54)
4+ Na,SnS, 0.25 Iso. (95)
P S+ PSS, Iso. (96)
5+ K,PS, 0.33 Iso. 97)
5+ KPS 1.0 Iso. (98)
Sb 3+ Sb,S; 2-D (99)
3+ A,;SbS, 0.33 Iso. (100)

23.D: three-dimensional; 2-D: two-dimensional; 1-D: one-dimensional; Iso.: Iso-
lated.

b Ln = lanthanide.

“This structure shows some one-dimensional character.
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0 K, Rb, Cs OMn (DS

FIGURE 6 Structure of A,Mn,S, (A = K, Rb, Cs) (Refs. 45 and 46).

the trend noted above in the Cu,NbSe, to K;NbSe, series appears
to be general. In Table I we have tabulated examples of the changes
of dimensionality with alkali-metal substitution across the Periodic
Table. The tabulation is not exhaustive, but it is meant to be
detailed enough to illustrate the trend of decreasing dimensionality
with increasing alkali-metal content.

We now discuss transformations in selected systems. MnS* has
a face-centered cubic structure in which Mn atoms are in tetra-
hedral coordination and the tetrahedra edge- and corner-share in
three directions (Fig. S). The A,;Mn,S, (A = K, Rb, Cs)*** com-
pounds, in which a quarter of the Mn atoms in MnS are substituted
by alkali metals, have two-dimensional layers formed from the
edge- and corner-sharing of Mn-centered tetrahedra. These layers
are separated by alkali metals and we describe the structures as
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FIGURE 8 The AMnQ, structure (A = Na, K; Q = §, Se, Te) (Ref. 48).

two-dimensional (Fig. 6). The non-alkali metal to alkali metal ratio
(M/A) is 1.5 here. The A,MnQ, (A = K, Rb, Cs; Q = §, Se,
Te)*” compounds, in which one half of the Mn atoms in MnS are
substituted by alkali metals, have structures in which infinite te-
trahedral, edge-sharing, one-dimensional chains are separated by
alkali metals, and we describe these structures as one-dimensional
(Fig. 7). The M/A ratio is 0.5. The AMnQ, (A = Na, K; Q =
S, Se, Te)*® compounds, in which three-fourths of the Mn atoms
in MnS are substituted by alkali metals, display structures in which
there are discrete MnQ$~ ions separated by alkali metals (Fig. 8),
and we describe these structures as isolated. The M/A ratio is 0.17.
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FIGURE 10 The structure of A,Pd,S, (A = K, Rb, Cs) (Ref. 51).

As another example, PdS**® has a three-dimensional structure
(Fig. 9). Partial substitution of Pd by alkali metals affords the two-.
dimensional layer compounds A,Pd;S, (A = K, Rb, Cs)** (M/A
= 1.5) (Fig. 10). A further substitution of Pd by alkali metal to
the composition A,MQ, (A = K, Rb; M = Pt, Pd; Q = S, Se)*>>*
(M/A = 0.5) results in compounds that contain one-dimensional
chains of edge-sharing, square-planar PdQ, units (Fig. 11). HgS>*
displays both zincblende and rock-salt structures. Consider the
following progressive substitution of Hg by alkali metal: A,HgQ,
(A = K, Cs; Q = S, Se)*% (M/A = 3.0), three-dimensional
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OK Ro @Pt.Pd ()S. Se

FIGURE 11 The structure of A,MQ, (A = K, Rb; M = Pt, Pd; Q = S, Se)
(Refs. 52 and 53).

framework structures; A,Hg;Q, (A = K, Cs; Q = §, Se)*> % (M/A
= 1.5), infinite one-dimensional chains; AgHgQ, (A = K, Rb; Q
= S, Se)’” (M/A = 0.17), isolated HgQ$~ tetrahedra. The same
trend of decreasing dimensionality with increasing substitution of
alkali metal holds for ternaries to quaternaries as well, as the
original example of Cu;NbSe, to KCu,NbSe, to K,CuNbSe, to
K;NbSe, demonstrates.

Although the dimensionality of a given system tends to decrease
with decreasing M/A ratio, that ratio should not be interpreted in
a quantitative way among systems. Thus both KCuSe>® and KCuQ,
(Q = S, Se)**>® have M/A = 1, but the structure of KCuSe is
two-dimensional whereas that of KCuQ, is one-dimensional. In
most solid-state chalcogenides the dimensionality of the structure
is independent of the alkali metal, but this is not always so. Thus
NaAuSe,* has a two-dimensional layer structure, whereas KAuSe,*
has a one-dimensional structure.

PROBABLE EXPLANATION

Put very simply, the alkali metals are sufficiently electronegative
so that they do not enter into chemical bonding with the chalco-
gens. As a result the addition of ‘alkali metals to a solid-state
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chalcogenide will tend to break up the original bonding, ultimately
leading to lower dimensionality of the system. One would expect
the same trend with alkaline earths, but the structural data for
such systems are very sparse.

Thus, the trend of decreasing dimensionality of a solid-state
chalcogenide with increasing alkali-metal content is not really sur-
prising. What is surprising is that attention has not been called to
this trend in the past, for as we noted in the Introduction solid-
state chemistry is a sufficiently empirical subject that any trend of
even modest generality is a welcome addition.

Acknowledgment

This research was supported by the National Science Foundation (Grant DMR91-
14934).

References
1. M. S. Whittingham. Prog. Solid State Chem. 12, 41 (1978).
2. A. W. Sleight, Science 242, 1519 (1988).
3. R. Pool, Science 244, 914 (1989).
4. ). F. Herbst, J. J. Croat and W. B. Yelon. J. Appl. Phys. 57, 4086 (1985).
5. M. Sagawa, S. Fujimura, H. Yamamoto. Y. Matsuura and S. Hirosawa, J.

Appl. Phys. 57, 4094 (1985).

J.J. Croat, J. F. Herbst, R. W. Lee and F. E. Pinkerton, Appl. Phys. Lett.
44, 148 (1984).

7. A Miiller, Polyhedron 5, 323 (1986).

8. T. A. Pecoraroc and R. R. Chianelii, J. Catal. 67, 430 (1981).

9. See, for example, F. J. DiSalvo, Science 247, 649 (1990).
0
1

*

. R. P. Ziebarth and J. D. Corbett, Acc. Chem. Res. 22, 256 (1989).
. H. Schifer, B. Eisenmann and W. Miiller, Angew. Chem. Int. Ed. Engl. 12,
694 (1973).

12. P. Boticher, Angew. Chem. Int. Ed. Engl. 27, 759 (1988).

13. H. Schifer. J. Solid State Chem. 57, 97 (1985).

14. S. M. Kauzlarich, Comments Inorg. Chem. 10, 75 (1990).

15. S. A. Sunshine, D. A. Keszler and J. A. Ibers, Acc. Chem. Res. 20, 395
(1987).

16. F. Jellinek, Ark. Kemi 20, 447 (1963).

17. F. Hulliger, in Physics and Chemistry of Materials with Layered Structures,
5: Structural Chemistry of Layer-Type Phases, ed. F. Lévy (D Reidel, Dor-
drecht, Holland 1976).

18. J. A. Wilson, F. J. DiSalvo and S. Mahajan, Adv. Phys. 24, 117 (1975).

19. J. A. Wilson, Phys. Rev. B 19, 6456 (1979).

240



12: 54 15 January 2011

Downl oaded At:

20.
21.
22.

23.
24,

S. Jobic, P. Deniard, R. Brec, J. Rouxel, M. G. B. Drew and W. 1. F. David,

J. Solid State Chem. 89, 315 (1990).

B. T. Matthias, M. Marezio, E. Corenzwit, A. S. Cooper and H. E. Barz,

Science 175, 1465 (1972).

O. Fischer, R. Odermatt, G. Bongi, H. Jones, R. Chevrel and M. Sergent,

Phys. Lett. 45A, 87 (1973).

F. . DiSalvo, Surf. Sci. 58, 297 (1976).

J. Rouxel (Ed.), Physics and Chemistry of Materials with Low-dimensional

Structures, Series B: Crystal Chemistry and Properties of Materials with Quasi-

one-dimensional Structures (D. Reidel, Dordrecht, Holland, 1986).

. F. A.S. Al-Alamy, A. A. Balchin and M. White, J. Mater. Sci. 12, 2037
1977).

. g) L.)Greenaway and R. Nitsche, J. Phys. Chem. Solids 26, 1445 (1965).

. L. Trichet and J. Rouxel, Mater. Res. Bull. 12, 345 (1977).

. Y.-J. Luand I. A. Ibers, Inorg. Chem. 30, 3317 (1991).

29. Y.-J. Lu and J. A. Ibers, J. Solid State Chem. 94, 381 (1991).
30. Y.-J. Luand J. A. Ibers, J. Solid State Chem. 98, 312 (1992).

. Y.-J. Ly, P. Wuand J. A. Ibers, Eur. J. Solid State Inorg. Chem. (in press).

32. Y.-J. Lu and J. A. Ibers (unpublished).

. S. A. Sunshine, D. Kang and J. A. Ibers, J. Am. Chem. Soc. 109, 6202
(1987).

. P. M. Keane, Y.-J. Lu and J. A. Ibers, Acc. Chem. Res. 24, 223 (1991).

. G. Busch, B. Hilti and E. Steigmeier, Comp. Soc. Suis. Phys. 31, 379 (1961).

. M. Latroche and J. A. Ibers, Inorg. Chem. 29, 1503 (1990).

. R. J. Cava, F. J. DiSalvo, M. Eibschutz and J. V. Waszczak, Phys. Rev. B
217, 7412 (1983).

. S. Jobic, R. Brec and J. Rouxel, J. Solid State Chem. 96, 169 (1992).

39. E. Canadell, S. Jobic, R. Brec, J. Rouxel and M.-H. Whangbo, J. Solid State

Chem. 99, 189 (1992).

40. C. Riekel, J. Solid State Chem. 17, 389 (1976).

. N. Le Nagard, O. Gorochov and G. Collin, Mater. Res. Bull. 10, 1287 (1975).
. K. Koerts, Acta Crystallogr. 16, 432 (1963).

. A.R. Beal, W. Y. Liang and J. B. Pethica, Philos. Mag. 33, 591 (1976).

. S. Furuseth and A. Kjekshus, Acta Chem. Scand. 19, 1405 (1965).

. W. Bronger, Angew. Chem. 78, 113 (1966).

46. W. Bronger, U. Hendriks and P. Miiller, Z. Anorg. Allg. Chem. 559, 95

(1988).

. W. Bronger, H. Balk-Hardtdegen and D. Schmitz, Z. Anorg. Allg. Chem.
'574, 99 (1989). - ’

. W. Bronger and H. Balk-Hardtdegen, Z. Anorg. Allg. Chem. 5§74, 89 (1989).

. N. E. Brese, P. J. Squattrito and J. A. Ibers, Acta Crystallogr., Sect. C:
Cryst. Struct. Commun. 41, 1829 (198S).

50. T. F. Gaskell, Z. Kristallogr., Kristallgeom., Kristallphys., Kristallchem. 96,

54
55

203 (1937).

. J. Huster and W. Bronger, J. Solid State Chem. 11, 254 (1974).

. W. Bronger, S. Jager, R. Rennau and D. Schmitz, J. Less-Common Met.
154, 261 (1989). '

. W. Bronger, O. Giinther, J. Huster and M. Spangenberg, J. Less-Common
Met. 50, 49 (1976).

. T. Huang and A. L. Ruoff, J. Appl. Phys. 54, 5459 (1983).

. M. G. Kanatzidis and Y. Park, Chem. Mater. 2, 99 (1990).

56. M. G. Kanatzidis, Chem. Mater. 2, 353 (1990).

241



12: 54 15 January 2011

Downl oaded At:

57.
58.

59.
- J. P. Dismukes and J. G. White, Inorg. Chem. 3, 1220 (1964).

61.

62.

63.

66.
67.
68.
69.

70.

71.
73.
74.
76.

77.

78.
79.
80.
81.
82.
83.
84.

85.
86.

87.
88.
89.

91

242

H. Sommer and R. Hoppe, Z. Anorg. Allg. Chem. 443, 201 (1978).

G. Savelsberg and H. Schifer, Z. Naturforsch, B: Anorg. Chem. Org. Chem.
33, 370 (1978).

M. G. Kanatzidis and Y. Park, J. Am. Chem. Soc. 111, 3767 (1989).

F. Jellinek, in MTP International Review of Science, Inorganic Chemistry,
Series One: Transition Metals—Part I, Vol. 5, ed. D. W. A. Sharp (Butter-
worths, London 1972).

P. Basancon, C. Adolphe, J. Flahaut and P. Laruelle, Mater. Res. Bull. 4,
227 (1969).

M. Sato, G. Adachi and J. Shiokawa, Mater. Res. Bull. 19, 1215 (1984).

. D. Kang and J. A. Ibers, Inorg. Chem. 27, 549 (1988).
65.

F. Jellinek, Acta Crystallogr. 10, 620 (1957).

I. Huster, Z. Anorg. Allg. Chem. 447, 89 (1978).

R. Quint, H. Boller and H. Blaha, Monatsh. Chem. 115, 975 (1984).

W. Bronger, Z. Anorg. Allg. Chem. 359, 225 (1968).

K. O. Klepp and W. Bronger, Z. Anorg. Allg. Chem. 532, 23 (1986).

J. R. Craig, D. ). Vaughan and J. B. Higgins, Mater. Res. Bull. 14, 149
(1979).

K. O. Klepp and W. Bronger, Z. Kristallogr. 162, 134 (1983).

. W. Bronger, R. Rennau and D. Schmitz, Z. Kristallogr. 178, 39 (1987).

M. Oliveria, R. K. McMullan and B. J. Wuensch, Solid State Ionics 28-30,
1332 (1988).
W. Bronger and C. Burschka, Z. Anorg. Allg. Chem. 425, 109 (1976).

. K. O. Klepp and W. Bronger, J. Less-Common Met. 106, 95 (1985).

E. H. Kisi and M. M. Elcombe, Acta Crystallogr., Sect. C: Cryst. Struct.

Commun. 45, 1867 (1989).

K.-J. Range and H.-J. Hiibner, Z. Naturforsch., B: Anorg. Chem., Org.

Chem. 28, 353 (1973).

J. Weis, H. Schifer and G. Schon, Z. Naturforsch., B: Anorg. Chem. Org.

Chem. 31, 1336 (1976).

A. P. Brown and B. S. Tani, Mater. Res. Bull. 22, 1029 (1987).

D. Liibbers and V. Leute, J. Solid State Chem. 43, 399 (1982).

H. J. Deiseroth, Z. Kristallogr. 166, 283 (1984).

A. Likforman, M. Guittard, A. Tomas and J. Flahaut, J. Solid State Chem.

34, 353 (1980).

D. Carré and M. P. Pardo, Acta Crystallogr., Sect. C: Cryst. Struct. Commun.

39, 822 (1983).

H. Schubert and R. Hoppe, Z. Naturforsch., B: Anorg. Chem., Org. Chem.,

Biochem., Biophys., Biol. 25, 886 (1970).

A. Weiss and A. Weiss, Z. Anorg. Allg. Chem. 273, 124 (1953).

C. Brinkmann, B. Fisenmann and H. Schafer, Mater. Res. Bull. 20, 1285

(1985).

J. Peters and B. Krebs, Acta Crystallogr., Sect. B: Struct. Crystallogr. Cryst.

Chem. 38, 1270 (1982).

M. Ribes, J. Olivier-Fourcade, E. Philippot and M. Maurin, J. Solid State

Chem. 8, 195 (1973).

G. Dittmar and H. Schifer, Acta Crystallogr., Sect. B: Struct. Crystallogr.

Cryst. Chem. 32, 2726 (1976).

. G. Dittmar and H. Schifer, Acta Crystallogr., Sect. B: Struct. Crystallogr.
Cryst. Chem. 32, 1188 (1976).

. B. Eisenmann, J. Hansa and H. Schafer, Z. Naturforsch., B: Anorg. Chem.,



Org. Chem. 40, 450 (1985).

92. K. O. Klepp, Z. Naturforsch., B: Anorg. Chem., Org. Chem. 40, 878 (1985).

93. J.-C. Jumas, E. Philippot and M. Maurin, J. Solid State Chem. 14, 152 (1975).

94. B. Krebs and W. Schiwy, Z. Anorg. Allg. Chem. 398, 63 (1973).

95. 1.-C. Jumas, E. Philippot, F. Vermot-Gaud-Daniel, M. Ribes and M. Maurin,
J. Solid State Chem. 14, 319 (1975).

96. A. Vos, R. Otlthof, F. van Bolhuis and R. Botterweg, Acta Crystallogr. 19,
864 (1965).

97. H. Schafer, G. Schifer and A. Weiss, Z. Naturforsch., B: Anorg. Chem.,
Org. Chem., Biochem., Biophys., Biol. 20, 811 (1965).

98. W. Brockner, R. Becker, B. Eisenmann and H. Schifer, Z. Anorg. Allg.
Chem. 520, 51 (1985).

99. P. Bayliss and W. Nowacki, Z. Kristallogr., Kristallgeom., Kristallphys.,
Kristallchem. 135, 308 (1972).

100. H. Sommer and R. Hoppe, Z. Anorg. Alg. Chem. 430, 199 (1977).

12: 54 15 January 2011

Downl oaded At:

243



