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The formation of structural eatities ranging from anions in simple contacts to true
anionic polymers in the solid state is discussed in terms of a competition between
d cationic levels and sp anionic ones. Transition metal dichalcogenides, which show
two structural domains (layered on the left, tridimensional on the right of the
periodic table), provide a wide series of phases to illustrate the process. Polymer-
ization can occur in slabs or from slabs to slabs in the layered structures. Except
a few particular cases, like MnTe,, most of the so-called pyrites are also anion-
polymerized phases. The electronic transfer, which corresponds to a transfer to
the cation of electrons taken from the top of the sp band, may result in the formation
of metal-metal bonds. The holes created at the top of the sp band can remain
isolated instead of condensing in anionic associations. CrTe, shows a particular
anion—anion exchange which causes the polymerization. Phases like P, VS, or 5i,CrSe,
are layered phases stabilized by an electronic transfer from the extra elements (Si
or P) to the top of the valence band, impeding the formation of anionic associations.
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INTRODUCTION

In most solid state chemistry publications, a central role is ascribed
to the cationic species in the system under investigation. Crystal
structure descriptions are usually based on arrangements of the
polyhedra formed by the anions around the cations. We thus speak,
for example, of the tetrahedral, octahedral, trigonal prismatic or
cubic coordination of a cation.

This point of view is justified by the fact that a compound’s
constituent cations essentially define its physical properties. Mag-
netic and optical properties are determined by transition cations
with incomplete shells, and cationic levels are often found around
the Fermi level whereas the anions contribute bands at lower ener-
gies. This leads to an electronic structural description in terms of
either a cation-derived conduction band or a correlation between
chemical reactivity and the cation’s electronic features. When con-
sidering redox problems, we in fact refer to the oxidation state of
the cation, or at best, to the relative ion stability and electron
exchange possible between two cations. The anion is basically char-
acterized by its “‘bulk” for which no charge fluctuation is envi-
sioned.

The above is perfectly true of the more ionic solids, notably the
fluorides and oxides. In these cases, the hard sphere approximation
is still valid although orbital interactions may be invoked to account
for cooperative magnetic phenomena or deviations from a rigid
crystal field model.

When the electronegativity of an anionic species decreases dras-
tically however, a more complex situation may result with the
formation of structural entities ranging from anions in simple con-
tact to true anionic polymers. The chalcogenides MX, (X = §,
Se, Te) of the transition elements provide a remarkable series of
compounds permitting a critical description of the redox exchange
between anion and cation, and demonstrating the pivotal role of
anionic-entity formation vis a vis the structural type and/or the
physical properties.

1. MX, CHALCOGENIDES: DOMAINS OF STABILITY

It is well known that the transition elements of the left-hand side
of the periodic table form layered dichalcogenides while the later
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elements of the various periods are associated with the three-di-
mensional pyrite and marcasite types. Chemically speaking, the
determining factor is the destabilization of the higher oxidation
states of the cation when moving from the left to the right of the
periodic table. Such a destabilization corresponds to a redox com-
petition between cationic d and anionic sp electronic band levels.

Indeed, let us consider a compound from the first, left-hand
group, Z1S,, for example. Its structure (Fig. 1) is based on a stack-
ing of ZrS, slabs built from edge-sharing [ZrS¢] octahedra (CdI,
type). The filled s and p anionic levels form the valence band
whereas the corresponding empty cationic levels are pushed to-
wards higher energies. The intermediate metal d orbitals which
are split by the crystal field are key to both the structural stability
and the physical properties. The classic t,, e, splitting occurs (Fig.
2), thus yielding a broad, empty t,, conduction band due to the
d° configuration of Zr**. Consequently, ZrS, is a diamagnetic
semiconductor.

A d! configuration in the case of Nb** lowers the symmetry to
a trigonal prismatic one (the slabs now result from an association
of NbS, trigonal prisms). The d levels are split into ai (mostly
d?), e'(d,,, d,-_,2)and e"(d,,, d,,). As af is lower than the “oc-
tahedral” t,, band and is half-populated, this arrangement is en-
ergetically favoured! and NbS; is a metal. MoS,; and WS,, which
follow immediately within the series, have a d* configuration and
the same symmetry and are diamagnetic semiconductors (ai is
filled). Going further to the right, one would expect to recover
the octahedral symmetry for a layered MnS, for example (no sta-
bilization through a distortion for a d*® configuration). But this
phase does not form. A pyrite is obtained instead. Indeed, as one
moves towards the right end of the periodic table, the d level
energies decrease progressively and conceivably enough to enter
the sp valence band. In such an event, an empty d level will be
filled at the expense of the valence band at the top of which holes
will appear.? In chemical terms, this means that the cation is re-
duced and the anion oxidized via the formation of anionic pairs.
Following this scheme, one goes from layered structures such as
TiS, with Ti** and 28%~, to pyrites and marcasites with, say, Fe?*
and (S,)?~ pairs. Since selenium is less electronegative than sulfur,
the top of its sp valence band is situated at a higher energy, and
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such a transition is observed earlier in the selenides than in the
sulfides.

This general model can be considerably improved to explain the
subtleties of the structural evolution not only within the layered
or 3D pyrite—marcasite type domains, but also at the interface
between the two. However, before entering such a critical discus-
sion, it would be worthwhile to consider the soft chemistry pro-
cesses which allow the stabilization of particular arrangements which
are not stable according to the described evolution scheme.

As seen above, a layered MnS, compound similar to TiS,, with
octahedral coordination of the metal and a half-filled t,, band,
cannot be prepared by direct methods. The lamellar topology and
cationic environment anticipated for such a phase can however be
attained by adding one electron to MoS, with the intercalation of
lithium: a phase transition which leads to octahedral molybdenum
is observed in LiMoS,.?> The transformation consists of a simple
translation of a sulfide layer relative to the other bounding a [S~
Mo-S§] slab. Figure 3 shows the pristine host and intercalated
compound band schemes which clearly demonstrate the electronic
stabilization associated with the transition. It may be pointed out

T L} LJ ¥ T 1 L L] T T T
nf @ 2H-MoS; 4 np)  1T-mos, 1
- 9 -4 9
2 . 1
~ e [ .
>
g 7 -1 7 -
[
['7] - - —
. tag
5Wa, 4 s ]
- ; ~
3 - | 1 1l n 3 1 ) N B T W |
0 2 4 6 0 2 4 6
States/eV-Cation States /eV-Cation

FIGURE 3 Explanation of the formation of an ‘“‘octahedral” MoS,. The hatched
region corresponds to occupied states in pristine 2H “trigonal prismatic” MoS,
(left) and in an hypothetical 1T “octahedral’” MoS,. The blackened region shows
the additional states filled in 2H-LiMoS, and 1T-LiMoS,, the latter being the
observed structure (after Ref. 3).
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that a certain minimum intercalant concentration is required to
initiate the transition so that the gain in electronic energy exceeds
the cost in the elastic energy entailed by the structural modification.
True enough, intercalation usually starts at a critical non-zero value
each time a structural alteration, no matter how slight as in the
simple shifting of slabs, is involved (compare, for example, Li,ZrS,
which exhibits a stacking transition and starts at x = 0.25, and
Li, TiS, with its progressive filling of the host’s interlayer octahedral
sites from x = 0).

The driving force for intercalation is thus to be found in that
favourable competition between the elastic energy required to modify
the host and the gain in electronic energy. In the case being con-
sidered, LiMoS, (x = 1) is obtained directly. Non-intercalated
MoS, persists until enough lithium is provided to achieve the trans-
formation completely. Deintercalating lithium (by electrochemis-
try or with the use of a mild oxidation reagent like iodine in ace-
tonitrile) would lead to a layered ‘“octahedral” MoS, phase. In
fact “octahedral” MoS, has just been obtained recently when re-
moving potassium from KMoS, through a chemical route.* This
implies the presence of strong kinetic constraints which prohibit
the recovery of the normally stable trigonal prismatic structure.
Similar remarks apply to the formation of lamellar CrSe, through
the deintercalation of lithium from Li,CrSe,.> In addition, in that
case chromium can hardly assume a 4+ oxidation state in a se-
lenium environment. Deintercalation, which is probably incom-
plete, results in greater oxidation of selenium than of chromium.
Holes are created on selenium anions. They may remain isolated
on the anions, thus preventing a transition to the pyrite type via
the formation of anionic pairs. A metastable layered phase with
formula Li} Cr3*Se?~Se;_,SeZ™ is probably obtained rather than
Cr**(Se?~),. In the case of the new FeS,® obtained by deinter-
calation of Li,FeS,, the oxidation process concerns sulfur as well
as iron. Sulfide anions are oxidized to polysulfide groups and iron
is oxidized to Fe3*. The formulation if Fe3*S?~(S,)35.

II. ANION-ANION INTERACTIONS IN THE LAYERED
AND IN THE PYRITE DOMAINS

The normal oxidation state scheme Ti**2X2~ with a broad and
empty t,, band leads to the prediction of semiconducting properties
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for all the TiX, phases. However, while this prediction is correct
for TiS,, both TiSe, and TiTe, are metallic. The rising up of the
top of the sp band allows an interaction with t,,7 as shown in Fig.
4. According to Mulliken population analysis, the electronic trans-
fer from the chalcogen to titanium is zero for X = S, very low for
X = Se (0.02) but significant for X = Te (0.38) in agreement with
bands that are well separated from each other, tangent to each
other, or interpenetrating.

This p—d electron transfer is reflected in XX interchalcogenide
distances. Indeed we are depopulating the top of the p block which
has some antibonding character. It leads to a shortening of the X
X distances within layers and/or between adjacent layers. For ex-
ample Te-Te contacts of 3.77 A are observed in TiTe, to be
compared with the sum of the van der Waals radii (4.00 A).

Of course, instead of playing with the top of the sp block we
can lower, or raise, the position of d levels by substituting a given
metal element by another one less, or more, electropositive. The
p—d overlap is more important in TiTe, than in HfTe,, and cor-
relatively the Te—Te contacts are shorter in the former than in the
latter. Let us look at the neighbouring columns. One observes at
first that the regular hexagonal pattern shown by d° Ti** ions in
TiS, slabs may be replaced, at least for low-temperature phases,
by isolated clusters for d! cations®® or simple!® or complex!! zig-
zag chains for d? and d® configurations. Then it appears that tel-
lurides may present a particular behaviour. For example V, Nb,
Ta ditellurides lead to the formation of double zig-zag chains?
which represents some intermediate situation between the cluster
of d! configuration and the d? zig-zag chains. It suggests that the
formal d electron count for these ditellurides should be d'** and
not d'. Calculations have shown this speculation to be correct with,
for example, a tellurium to metal transfer of 0.25 electron in the
case of vanadium.*® This situation could be viewed as a transfor-
mation of antibonding electrons to bonding ones through an anion
to cation transfer. The electrons coming from the top of the sp
band with antibonding character are accommodated by the metal
through the formation of o metal-metal bonds, which even results
in a further stabilization as compared to the initial metallic levels.

The pyrite structure is usually described as a NaCl modification
involving M?* cations and (S,)? pairs. Similarly the marcasite
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FIGURE 4 Band structures of TiS, (a), TiSe, (b), TiTe, (c). Dispersion relations,
where T = (0,0,0), M = (1/2,0,0), KK = (1/3,1/3,0), A = (0,0, 1/2), L = (122,
0 1/2) and H= (173, 173, 1/2).
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can be regarded as deriving from a distorted rutile. The d cationic
levels that are to be considered in a pyrite family are the e, levels
which are going to be progressively filled from iron (e}) to zinc
(ez). They interact with the last occupied anionic level w* which
is a double level band able to accommodate four electrons (Fig.
5). It results in a bonding band essentially anionic in nature for
FeS, and an antibonding band with a cationic character.'*!> How-
ever, going to zinc the 3d orbital energy decreases and the bonding
band will progressively take a metallic character and the anti-
bonding one a chalcogen-like character. A depletion of the =*
population results, at the beginning, in a strengthening and a short-
ening of the S-S bond which goes from 2.18 A in FeS, to 2.13 A
in CoS,, 2.06 A in NiS, and finally 2.03 A in CuS,. When copper
is reached, the e, cationic levels are just below 7*, and one electron
can be transferred. Copper acquires a d'® configuration; the charge

g

FIGURE 5 Interaction between eg (metal) and «* (ligand) from Fe to Zn, in
pyrites (after Ref. 15).
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balance is Cu*(S,) ~. For ZnS,, €, levels are already filled up. The
bonding band is completely cationic in character whereas the an-
tibonding one is essentially 7*.

IrS,, IrSe,'®1” and RhSe,'® constitute a small original island
inside the pyrite—marcasite domain. The cation is at the 3+ oxi-
dation state. This has been related to the particular stability of the
dé electronic configuration of the Ir** and Rh®* cations with low
spin configurations in octahedral sites. The associate formulation
is Ir’*S$27(S37),, for example. The structure can be related to
a distorted marcasite arrangement, which can be considered as a
response of the chalcogen atoms to the very stable oxidation state
of the transition metal.

III. ANION-POLYMERIZED STRUCTURES

In the above example anion—anion interactions have been ob-
served, leading eventually to the formation of anionic pairs. This
can be regarded as the beginning of an anion polymerization. More
complicated species have already been found, for example in Nb,Se,
which shows (Ses)*~ anions.!%2°

With a less electronegative character, i.e., with the top of the
sp band at higher energy, tellurium is expected to show the easiest
and richest anion—cation redox interactions. Strangely, IrTe, was
reported until recently?! as exhibiting a Cdl, layer structure. With
the usual configuration, this would mean an Ir** cation! The same
structural type was reported for several other MTe, phases and
noticeably for CoTe, and NiTe,, although the disulfides and di-
selenides of these elements are pyrite and marcasites. One could
notice, however, that these phases show an anomaly concerning
the cell parameters. Indeed, the c/a ratio is equal to 1.37, a much
lower value than that reported for usual Cdl,-like ditellurides (ratio
c/a = 1.633 for ideal hexagonal compact stacking).

Recent structure determination of IrTe,?? showed that the struc-
ture belongs to the P-3m1 space group of Cdl,, but nevertheless
presents very particular features with respect to the cadmium io-
dide arrangement. Indeed short Te—Te contacts are found through
the van der Waals gap and also through the structure slabs. A
strong decrease in the stacking parameter follows, explaining the
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small value of ¢ and the low c/a ratio. Te—Te distances of 3.497
A and 3.558 A are found between tellurium ions located at the
elevation z = 1/4 and z = 3/4, on each side of the van der Waals
gap, whereas non-bonding anions at the same level are found at
3.928 A, corresponding reasonably well to the sum of the van der
Waals radii (Fig. 6). Integrated atom-atom overlap population
calculations at the Fermi level gave positive values, demonstrating
the occurrence of Te~Te bonds.? IrTe, is not a layered phase. It
is a 3D structure derived from Cdl,, characterized by a polymeric
tellurium network. It has been called a polymeric-Cdl, structure.?*

With an Ir®* cation, the overall charge on tellurium appears as
(Te,)*~. Figure 7 shows a straight-line variation in the Te-Te
distances with respect to the anion oxidation states of (Te,)*~ in
MnTe, and (Te,)*~ in Hf Te,. The values found in IrTe, are very
close to the ones that would correspond to (Te?)?~ assuming such
a linear variation.

A generalization of these results to CoTe,_,, a form of NiTe,
(probably = NiTe,_,), RhTe,, PdTe,, PtTe,, CuTe, and ZnTe,

O O *—

’ *——¢ OO
/Q] l ,S t\ 6;v van der Waals gap

/N /N
N \(j/ van der Waals gap
— ¢ O
2.650
||‘T92 HfTez
c/a =138 c/a =168

FIGURE 6 Regular CdI, structure of Hf Te, (right) and polymerized CdI, structure
of IrTe, (left) with short Te-Te contacts through the van der Waals gap reflected
in a reduced c/a ratio (1.38 instead of 1.68).
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4.5
Cdl, type structure
—~ 4 ™
o Ir Tez
]
§ polymeric Cdl,
535 - - type structure
(V]
&
ﬁ B Zs Te,y, Hf Tep
3 O MuTe, pyrite type structure
25 1 1 . I | I\ | 1 ut

25 23 21 -19 47 -5 -13 -1 09 07 -05
oxidation degree per Tellurium anion

FIGURE 7 Formal oxidation degree per tellurium anion and Te—Te distances in
“regular” Cdl, structural type, pyrite and “‘polymerized” Cdl,.

can be done. However, an important difference with IrTe, lies in
the expected lower oxidation state for the metal, typically 2+.
The cobalt derivatives have been announced as being tellurium
deficient (CoTe, ;), which is one possible answer to the .charge
decrease imposed by the cation to the anionic network. In addition,
the Te—~Te bonding distances are somewhat shorter than in IrTe,,
namely 3.483 A compared with 3.528 A on average in IrTe,. This
is consistent with a decrease in the electronic population of the
antibonding levels and a decrease of the formal charge on the Te—
Te pairs. However, that decrease is not enough to lead to a charge
of —1.2 per tellurium that the formulation CoTe; ; would imply.
In fact, the same tellurium to cobalt ratio can be expressed by
Co, , ,Te, which makes possible the charge compensation. Such a
scheme, also suggested by a ¢ parameter expansion in CoTe, as
compared to other polymeric Cdl, structures, has been established
recently.?s Table I gives unit cell parameters, intefatomic Te—Te
distances and associated oxidation states of tellurium in layered
Cdl, and polymeric Cdl, ditellurides.

IrTe, is not a true pyrite as discussed just above. There is how-
ever an iridium telluride with a pyrite structure. This is Ir;Teg
which is metal deficient. The symmetry initially reported to be
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cubic? was shown actually to be trigonal?’ with a random distri-
bution of Ir3* on the cationic sites. Te-Te pairs do exist with a
dr,_r. distance of 2.833 A compared with the same bonds in MnTe,,
for example (2.75 A). However, looking at the inter-Te,-pair dis-
tances of the structure, one finds some distances of 3.568 A, very
similar to those found in IrTe,. These distances, much shorter than
the sum of van der Waals radii, indicate a bonding between tel-
lurium atoms belonging to different pairs. The result is that we
have no longer isolated (Te,)?~ pairs like in true pyrite or (Te,)*~
pairs as would imply the formulation Ir3*(Te,)*~, but each tel-
lurium of a pair is bonded to two others to again form a polymeric

TABLE 11

Lattice parameters, volumes (per MTe,), main interatomic distances and
oxidation degrees of tellurium in classical and polymeric MTe, pyrite structures

Parameters Volume per  Dye r. Dycre Oxidation State
Compounds (A) MTe, (A%) (A) (A) of Te

MnTe, 6.951 83.95 2907  2.750 -1
3.955
4.262

FeTe," 6.294 63.32 2619 2.626 <-1
3.547
3.855

NiTe,* 6.374 64.75 2.653  2.650 <-1
3.592
‘ 3.904

CuTe,* 6.605 72.05 2749 2.746 Q)
372
4.046

RuTe, 6.391 65.25 2648  2.790 <-1
3.567
3.014

RhTe, 6.448 67.02 2659  2.69 -15
3.560
3.951

OsTe, 6.397 65.45 2.647  2.830 <-1
3.561
3918

Ir,Te, 6.411 65.88 2.653  2.883 -11
3.568
3.926

Bold and underlined figures relate to the Te, pairs and the Te-Te interaction
interpairs, respectively.

aDistances calculated with a classical fractional coordinate x value of 0.38 for
tellurium atoms.
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(a)

(b)

FIGURE 8 (a) layers (b, c plane) of the structure of Cr,5Te,. They are built up
from groups of four edge-sharing octahedra linked through apical tellurium and
Te—~Te or Te-Te-Te associations; (b) perspective drawing of the layers. There
are no Te~Te bonds between successive Cr,,Te, layers.
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tellurium network with an average charge of —1.1 per tellurium
atom.

Finally a survey (Table II) of reported pyrite-like telluride
structures28-2® shows that all phases, with the interesting exception
of MnTe,, present such a polymeric pyrite-type structure with very
short, medium, and long Te-Te distances corresponding, respec-
tively, to pairing, bonding and non-bonding tellurium anions. This
is directly reflected in the unit cell volumes which jump from about
65 A3 per molecular weight for the polymeric compounds to almost
84 A3. In addition, the tellurium —tellurium pair bond length varies
in the series from MnTe, to NiTe, and suggests a lowering of the
oxidation state on the cation. One might use the same mechanism
as the one given for the MS, pyrite series from FeS, to ZnS, to
explain the variation of the elongation of the telluirum pairs and
of the oxidation state of the cation (<2). The effective charges
announced elsewhere 3 i.e., +2 in FeTe,, +3 in CoTe, and +4
in NiTe, are very unlikely and unrealistic.

CrTe; is another interesting transition metal telluride to be dis-
cussed in the same general framework, because, as we shall see
below, it can be formulated as Cr,,;Te,. The structure® shows a
layered arrangement built up from groups of four edge-linked CrTe,
octahedra which are connected via apical tellurium atoms (Fig. 8).
In this phase, very stable Cr** imposes a mean oxidation state of
—1 on the tellurium anions and the compound charge balance can
be viewed as follows: [Cr3*],[Te?~][Te,]* [Te;]?>~. To the poly-
anions correspond interatomic distances of 2.816 A and 2.824 A
for [Te,] and 2.817 A for [Te,]. These are a bit longer than ex-
pected, which would lead to higher charges on tellurium if these
groups were really isolated. In fact, inside sheets, Te—Te distances
0f3.437 A and 3.507 A are observed, which indicates the presence
of bonding. From plane to plane distances of 3.85 A, close enough
to the sum of the van der Waals radii, exclude any bonding. Cr,Te;
is a case of a layered structure with in-plane anionic polymeriza-
tion.

CONCLUSION

A close examination of the interanionic distances in the dichal-
cogenides reveals a large number of situations ranging from non-
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interaction to complete polymerization of the anions. The con-
ventional division between lamellar structures to the left of the
periodic table and pyrites and marcasites to the right must then
be elaborated to include the formation of new arrangements de-
termined by the direction of the anion—anion interactions. These
effects certainly become more pronounced as the anion becomes
less electronegative, i.e., when the sp band is at a higher energy.

Figure 9 shows a classification taking into account the phase
dimensionality (2D or 3D) and the degree of polymerization within
each domain, i.e., the number of directions in which bonding cre-
ates polymeric networks. ZrTe, and HfTe, represent true layered
Cdl, type structures. Within this 2D domain polymerization can
involve each Te layer of the [TeMTe] slabs (in plane polymeri-
zation) or it can take place between both tellurium layers (through-
slab polymerization). Finally bonding through the van der Waals
gap transforms a 2D structure into a 3D arrangement (although a
structural description can still be formally based on a layer ar-
rangement). Each situation can exist alone or combined with the
others. Cr,;Te, is a case of polymerization within the layer. WTe,
and MoTe, show in-plane and through-slab polymerization. TiTe,
exhibits a through-van der Waals polymerization, but IrTe,,
Co, . ,Te, combine with a through-slab polymerization.

In the 3D domain, true pyrite-like phases (MnTe, with no poly-
merization) may lead to polymeric phases like FeTe,, NiTe,, RuTe,,
etc.

CrTe; is particularly interesting. Polymerization does not modify
the Cr?* oxidation state. The creation of weak additional bonds
in the slabs compensates for the lengthening of the initial normal
bonds in the (Te,)?~ and (Te;)?~ polyanions. It is an anion-anion
process and not a d—sp competition.

The behaviour of anions in the polymeric Cdl, structure is, to
some extent, symmetrical to that exhibited by cations in true Cdl,
arrangements. With d!, d?, d3 configurations, cationic associations
are formed. Likewise, considering (S,)*~ hypothetical and isolated
groups, one would have a configuration with a single electron which
is rather unstable although it can be observed in the case of RhSe,.
In the case of the more electronegative sulfur, stability is often
reached through either disproportionation (S?~ and (S,)?7) as id
IrS,-type phases. On the other hand, less electronegative tellurium
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allows the setting up of a polymeric network that maintains the
same oxidation state on the anions (X,,) ~3" as in IrTe,-type com-
pounds.

The transition from 2D structures to pyrites and marcasites is
related to the pumping of electrons at the top of the sp anionic
levels by an empty d cationic level. This could be avoided by
reinjecting electrons at the top of the valence band by a third
component (Fig. 10). This is probably the explanation of the for-
mation of a Si,CrSe, phase which retains CrSe, octahedral slabs
although chromium is at the 3+ oxidation state. Silicon atoms
occupy interstitial tetrahedral holes.?? The same explanation holds
concerning the stabilization of a layered VS, arrangement by phos-
phorus in P,VS,.3?

Binary transition metal dichalcogenides have been considered
in this paper. Most of the conclusions could be extended to other
chalcogenides. We have pointed out the very transparent behavior
of tellurium. No doubt, the very rich chemistry of ternary tellurides
which has been developing for the past few years will bring inter-
esting new insights (see, for example, Refs. 34-36 and references
there in).

electrons
from donner

77T d tevel

sp anionic band

FIGURE 10 Injection of electrons to prevent anionic oxidation and polymerization
(81,CrSe,, P.VS,).
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