
JOURNAL OF SOLlD STATE CHEMISTRY 70, 36-47 (1987) 

Characterization of a Mixed-Chains One-Dimensional Compound* 

A. MEERSCHAUT,t P. GRENOUILLEAU, L. GUFMAS, 
AND J. ROUXEL 

Laboratoire de Chimie des Solides, U.A. du CNRS n”279, Uniuersitt de 
Nantes, 2, rue de la Houssini&e, 44072 Nantes Ce’dex, France 

Received December 1, 1986; in revised form February 11, 1987 

The new ternary NbsSeloBrz compound has been prepared and structurally characterized. It crystal- 
lizes in the orthorhombic system, Ibca space group, with unit cell parameters a = 14.205(3) A, b = 
23.722(4) A, c = 38.243(8) A, Z = 32. The structure exhibits two types of infinite chains centered on the 
2 or 2, axes; such an arrangement is reminiscent of what is observed in parent chain-like compounds as 
(MSe&I. This compound is a diamagnetic semiconductor with E, = 0.34 eV. o 1987 Academic press, IX. 

Introduction Such an evolution which associates the 

There is an ever increasing number of di- 
verse physical phenomena to be found in 
low-dimensional solids. Then, there is a 
need for new materials to experimentally 
support the growing development of theo- 
ries (I, 2). 

Unfortunately the synthesis of new low- 
dimensional solids can be difficult. In low- 
dimensional compounds, there is a van der 
Waals gap separa;ing atomically identical 
(usually anionic) sheets or fibers in the two- 
and one-dimensional cases, respectively. 
As a result there is a tendency for chain- 
chain (or layer-layer) repulsion to fix, in 
the main, the true dimensionality of the sys- 
tem. For example, TaS3 which is more ionic 
than NbSe3 is also more one-dimensional in 
character (2): there,% important pretransi- 
tional effects can be observed before a tran- 
sition which goes as far as a metal to non- 
metal transition. 

strongest 1-D character to the most ionic 
chains places, of course, a limit on the sta- 
bility of the overall structure. For a given 
structural type to be stable the bonding 
through the van der Waals gap, usually 
rather weak, must stabilize the structure 
against the repulsion between similar 
atomic layers situated on each side. In the 
case of oxides this repulsion is strong and 
destabilizing: most of the MO1 phases have 
the r-utile structure and not the layered 
structure of the parent MS;? or MSe2 chalco- 
genides. High oxidation states of transition 
metals having the ability to sufficiently po- 
larize oxygen toward the inside of the slabs 
are necessary to allow a layered structure 
(Mo03). On the other hand, tellurides are 
always highly covalent and often quasi-me- 
tallic compounds. The chalcogen-rich sul- 
fides and selenides represent the best do- 
main in chemistry to find I-D and 2-D 
materials. 

* Dedicated to Dr. Franz Jellinek. 
t To whom all correspondence should be addressed. 

Until now, the majority of 1-D chalco- 
genides consisted of chains, either with in- 
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terchain coupling which thus creates highly TABLE I 

anisotropic sheets (as in NbSe3) or with Nb,Se,OBrz-X-RAy POWDER DIFFRACTION DATA 

chains stabilized by counterions which sep- 
arate and minimize chain-chain repulsions. 
The latter point is well illustrated by the 
fact that individual [V&l chains exist in 
VS,, (3) but that, due to an increased ionic- 
ity, Nb& and Ta& cannot be prepared. 
One has to separate the chains by iodine, 
like in (M&),1 phases (4). In this work we 
report a new structure type in which the 
geometrical role of the counterion has been 
assumed, for the first time, by another 
chain of different composition. 

Experimental 

A parallelepipedic-shaped crystal of fi- 
brous aspect was selected from a crystal- 
line bulk obtained by heating niobium pow- 
der (99.9%, Koch Light), selenium pellets c * The intensities are calculated from the Lazy 

(99.999%, Ventron), and bromine (Carlo 
Erba 99.5%) in a 1 : 3 : 1 ratio in an evacu- 
ated Pyrex tube for 2 weeks at 500°C. 

.‘ulverix program (5). 

A preliminary X-ray study with Laiie and 
Weissenberg photographs gave unambigu- 
ously an orthorhombic symmetry with the 
Zbca space group. The unit cell parameters 
a = 14.205(3) A, b = 23.722(4) A, and c = 
38.243(g) A were refined from Guinier 
powder data from the first 50 reflections 
(Guinier-Nonius camera FR552, quartz 
crystal monochromator, CuKcr, = 1.54056 
A, Si as internal standard). The powder pat- 
tern, given in Table I, includes observed 
and calculated interplanar distances, along 
with the intensities calculated from the 
Lazy Pulverix program (5). 

Similar unit cell parameters were ob- 
tained by Rijnsdorp (6) for one of the nu- 
merous phases that were recognized in the 
course of the study of the Nb-Se-Br sys- 
tem, but neither the composition nor the 
crystal structure was given. 

The real composition is not NbSe3Br as 
could be inferred from the starting Nb/Se/ 
Br ratios used in the preparation. A micro- 

probe analysis on a crystal, performed at 
five different points, reveals uniform values 
which lead to the Nb$eloBrz formulation 
(Table II). This result, in addition, was con- 
firmed on two other crystals. 

TABLE II 

MICROPROBE ANALYSIS (AVERAGE OF FIVE 
ANALYSIS POINTS) 

Nb Se Br 

1 22.45 64.63 12.92 
2 22.45 64.33 13.22 
3 22.71 64.17 13.12 
4 23.32 63.88 12.80 
5 22.20 64.08 13.70 

Experimental-Averagr values 
Nb: 22.62(38)%, Se: 64.22(25)%, Br: 13.16(32)% 
Theoretical Nb,SeloBrz 

Nb: 22.70%, Se: 64.29%, Br: 13.01% 
Theoretical Nb$e,Br :j:JbSel(+jNbSe3Brl) 

Nb: 22.70%, Se: 67.53%, Br: 9.76% 
Theoretical NbZSe6Br2 ((NbSe,l+INbSe,Br,l) 

Nb: 22.68%, Se: 57.82%, Br: 19.50% 
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Such a formulation could not in the 
present case be unambiguously established 
from the structural determination due to the 
difficulty of assigning some atomic posi- 
tions either to bromine or selenium (Br- 
and Se2- cannot be distinguished by X 
rays). In a first approach, on the basis of the 
recognition of Se-Se pairs and typical Nb- 
Br and Nb-Se bonds, the structural deter- 
mination, as described below, leads to 
INbSe& and “(NbSe3Brl,” chains in a 
1 : 1 ratio. Starting from this theoretical 
NbzSeTBr composition, the real Nb3Se10Br2 

formulation must come from a particular Se 
+ Br substitution on the “(NbSe3Brlao” 
chain. 

The data were collected with a CAD4 
Enraf-Nonius diffractometer using MoKa 
radiation. Most of the experimental condi- 
tions are given in Table III. The data were 
treated in the usual fashion for Lorentz and 
polarization effects. A correction for ab- 
sorption was also applied according to the 
approximate size (see Table III) of the crys- 
tal (flattened needle bound by {OlO}, {ilO>, 
and (001)). 

TABLE II1 

1. Physical and crystallographic data 
Formula Nb,SelOBrz 
Crystal symmetry orthorhombic 
Cell parameters (293 K) 

a = 14.205(3) A 
b = 23.722(4) 8, 
c = 38.243(8) ;z 
V = 12887 A3 
Z = 32 

Density d,,, = 5.06 

Molecular weight: 1228.1 
Space group: Ibca 

Absorption factor F(X MO&): 291 cm-l 
Crystal size 0.05 x 0.012 X 0.8 mm3 

2. Data collection 
Temperature 
Monochromator 

293 K 
Oriented graphite 

ww 

Radiation: MoKol 
Scan mode: o 

Recording angle range 2-35” 
Values determining the scan speed 

SIGPRE 0.5 
SIGMA 0.01 
VPRE 5” min-’ 
Thl*x 100 s 

Scan angle: 1.00 + 0.40 tan 0 

Standard reflection 4 0 10, 0 6 12, 4 0 10 Periodicity: 1 h 

3. Refinement conditions 
Reflections for the refinement of the cell dimensions 25 
Recorded reflections in the eighth-space z,O; 0,k; 0,I 
Utilized reflections 2850 with I =‘ 4o(Z) 
Refined parameters 277 
Reliability factors R = ZllF,( - 1 F&%1 F,/ 

R, = [Cw(l F,I -1 Fc~)2~wF:~“2 

4. Refinement results 
R = 0.032 R, = 0.034 
Extinction coefficient E, = 7.9 10m9 
Difference Fourier maximum peak intensity * 1 S(2) e-/A’ 
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The structure was solved by means of di- 
rect methods using a MULTAN II/82 ver- 
sion (7) and subsequent Fourier syntheses. 
In the solution 2850 independent reflections 
(I > 4oZ), restricted to the sinO/A range 
0.15-0.65, were used. Refinement was car- 
ried out by the full-matrix least-squares 
method where the minimized quantity is 
X+v]l F,I -1 FJ2; a unit weight was applied for 
all reflections. After several cycles in which 
the anisotropic thermal parameters and a 
secondary extinction correction were re- 
fined, the R factors stabilize to R = 0.032 
and R, = 0.034. The difference Fourier 
map showed random peaks, the highest one 
reaching 1.5(2) e- . A3. Atomic coordi- 
nates and thermal parameters along with 
the interatomic distances are given in Ta- 
bles IV and V. A list of the observed and 
calculated structure factors can be re- 
quested from the authors. 

All calculations were performed with 

TABLE IV 

POSITIONAL PARAMETERS AND THEIR ESTIMATED 
STANDARDDEVIATIONS 

B,, = 413 Z S p,,a,a, 
i J 

TABLE V 

GENERALTEMPERATURE FACTOREXPRESSIONS-U'S 

The form of the anisotropic thermal parameter is: 

exp[-2a2(h2a*‘U,, + k’b*2U22 + I’c*~U~~ 

+ 2hka*b*Ulz f 2hla*c*U,l + 2klb*c*Ul/21)1 

where a*, b*, c* are reciprocal lattice constants. 

SDP Enraf-Nonius programs written by 
Frenz (8). 

Description and Discussion 
of the Structure 

This structure can be described in terms 
of chains, running in a direction parallel to 
the c axis. Two types of chains are ob- 
served, being centered either on the 2 or on 
the 2, axes, respectively, as shown in the 
projection on the (a, b) plane (see Fig. 1). 
The first type consists of lNbSe& chains 
built up from an infinite condensation of 
[NbSe8] rectangular antiprisms (Fig. 2). 
These chains are centered on the twofold 
axes. The second type is represented by 
pseudo-“(NbSe3Br(,” chains made up from 
the stacking, in a helicoidal way, of 
“[NbSeeBr]” units by sharing a “[SeJ” 
triangular base. This kind of chain is lo- 
cated around the 2, axes (Fig. 2). 
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FIG. 1. Arrangement of (NbSe& and “INbSe3Br(,” 
chains on the 2 and 2, axes, respectively. 

The INbSe& chains (see Fig. 3) look like 
those present in the (MSe&,I structural 
type (4). Niobium atoms are surrounded by 
eight selenium atoms in a rectangular anti- 
prismatic arrangement. Two adjacent rec- 
tangular [Se41 planes make a dihedral angle 
of about W, slightly larger than in the 
(MSe&I series. Let us represent each [SeJ 
plane by an arrow pointing from its center 
to the midpoint of the short Se-Se side 
(Fig. 4a). Figure 4b shows a schematic view 
of the stacking sequence of [Se41 planes 
along the c axis. Six adjacent arrows rotate 
-54” clockwise and the next six counter- 
clockwise. 

9 

s 

7 

6 

5 

Molecular orbital (MO) calculations on 
[NbSes14- groups as a function of the dihe- 4 
dral angle 8 show that the energy goes 
through a minimum when 13 = 45” (9). This 
corresponds to the weakest overlap of oc- 

3 

cupied n and r* MOs of adjacent [Se41 
units. This minimizes the repulsive interac- 2 

tions. Also at 8 = 45”, we have a nice set 
of symmetry-adapted orbitals, originating 1 

from the Se atoms, that interact with the 
metal orbitals except dz2. The dz* orbital 
governs the electronic properties as a func- 
tion of both its state of filling and the metal- 
metal distances along the chain. nal to (110). 

[~bse.+]_ [NbSe,Br] 
43 

FIG. 2. A view of both types of chains seen orthogo- 
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The 8 value observed here (-54”) is 
rather different from the ideal value (45”). A 
structural consequence is that since 360” is 
not an integral multiple of 54”, the rotation 
of the [Se41 rectangles with respect to each 
other has to be counterclockwise and 
clockwise. Such a situation was earlier 
mentioned for ( MSe4),I. Particularly, this 
was the case for (NbSe&I (* rotation 
sequence 123432) (IO), and also for 
(NbSe&& (-+ 1234565432) (11). 

1 -Z-l 

12 

C axis 
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FIG 3. Drawing of an individual jNbSe& chain. 

-Z=l 

-z=o 

sequence reported in Table VI. Compara- 
ble values are found in (NbSe&I or 
(NbSe4)10i31. The Nb-Se bond lengths range 
from about 2.56 to 2.76 A (see Table VII), 
which is also in good agreement with the 
average values observed in similar com- 
pounds. 

The “(NbSe3B&” type of chain greatly 
differs from the former one (Fig. 5). A first 
distinction comes from the coordination 
around niobium atoms. Selenium atoms are 
distributed at the corners of triangular anti- 
prisms (irregular triangle with a short Se- 
Se bond of about 2.33 A, typical of a Set- 
pair). Then, each niobium atom is capped 
by one bromine atom in a strong Nb-Br 
bond (see Table VIII and Fig. 6). This is 
reminiscent of what is occurring for 
niobium in Nb,$eZOBrh (12) and for molyb- 
denum in Mo&C14 (13). In the latter case 

2 
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,’ 
.’ 
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; 

,’ 
,’ 

a- @ 

Band structure calculations will be done 
to understand the relative arrangement of 
the [Se41 rectangles and perhaps to provide 
an explanation for such a 8 value. 

Within the JNbSe& chain, Nb-Nb bond 
FIG. 4. (a) Relative orientation of adjacent [Se,] 

units. (b) Schematic diagram illustrating the numbered 
lengths are arranged according to the sequence of [Se41 units along the IMSe& chain. 
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TABLE VI 

Nb-Nb BOND LENGTHS ALONG THE CHAINS (A) 

A. Nb,SeloBrZ + E, = 0.34 ev 
(i) along the INbSe& chain (I= 3.187 A, crl = 0.063 A) 

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

t t 
z values 0.03 0.12 0.20 0.28 0.37 0.45 0.53 

(ii) along the “INbSexBr(,” chain (T = 3.313 A, ul = 0.028 A) 

Nb8’ . . Nb7 3.283 Nb* 3.305 Nb9 3.358 Nb10 3.305 Nb#y 

t t 
z values z=o 0.25 

B. (NbSeJJ + E, = 0.38 eV 

5l6f Nb3.252NbENb3&ilNbE 

(T = 3.188 A, u/ = 0.090 A) 

C. (NbSe&J + E, = 0.34 eV 

~Nb3.171Nb3&lNb~Nb3.150Nb J.232- 

(I= 3.191 A, ul = 0.034 A) 

Note. F = Xx/n, a/ = [(Xx2 - (~~)~/n)/nl”~. 

TABLE VII 

INTERATOMIC DISTANCES (A) WITHIN THE 

\NbSe& CHAINS 

Nbl-2Se17 2.698 Nb2-2Se7 2.731 
-2Se18 2.585 -2Se8 2.615 
-2Sel 2.562 -2Se9 2.578 
-2Se8 2.763 -2SelO 2.701 

Se17-Se18 = 2.343 Se7-Se8 = 2.338 Se9-Se10 = 2.336 

Nb3-2Se9 2.714 Nb4-2Sell 2.581 
-2SelO 2.580 -2Se12 2.721 
-2Sell 2.736 -2Se13 2.583 
-2Se12 2.606 -2Se14 2.756 

Se9-Se10 = 2.336 Sell-Se12 = 2.327 Se13-Se14 = 2.376 

NbS-2Se13 2.163 Nb6-2Sel5 2.630 
-2Se14 2.615 -2Se16 2.645 
-2Se15 2.614 -2Se17 2.616 
-2Se16 2.622 -2Sel8 2.752 

Sei3-Se14 = 2.376 SelS-Se16 = 2.327 Se17-Se18 = 2.343 

Nbl-Nb2 3.252 Nb4-Nb5 3.264 
Nb2-Nb3 3.106 Nb5-Nb6 3.108 
Nb3-Nb4 3.172 Nb6-Nbl’ 3.219 

Note. Standard deviations are all less than or equal 
to IO-‘. 

there are, however, two chlorine atoms 
playing different roles; one is capping mo- 
lybdenum, and the other is participating in 
a triangular S&l group. These various 
types of coordination have been recognized 
and classified by Evain (14), who described 
the various ways to introduce chalcogen 
pairs around a metal. 

The “INbSe3Brlm” chain is made up by 
the juxtaposition of 12 [NbSebBrl units 
along the c axis by sharing their triangular 
“Se3” base. This framework looks like a 
spiral staircase when seen along the c axis 
(see Fig. 5). Bromine atoms which play the 
step role display the rotating sequence of 
adjacent units (from I to XII as shown in 
Fig. 7). Dihedral angles between successive 
bromine atoms are found to be equal to 
Brl-Nb-Bd - 155”, Br2-Nb-Br3 - 14.5”, 
and Br3-Nb-Br4 - 150” (projection on the 
(a, b) plane). The corresponding Nb-Br 
distances (Table VIII) are similar to what is 
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Mb7 Z=l 

Mb9 

FIG. 5. Drawing of an individual “jNbSe,Br/,” 
chain. 

usually observed, e.g., 2.692, 2.680, 2.685, 
and 2.674 A in Nb6SeZ0Br6 (12). 

The only structural ambiguity arose as 
far as the positions noticed SeA, SeB, and 

above, the nature of the chemical species 
(bromine or selenium) which had to be lo- 
cated on SeA, SeB, or SeC positions could 
not be obtained from the structural study. 
According to the Nb3Se10Brz formulation, 
one-third of the SeAISeBISeC positions 
have to be occupied by bromine. This leads 
to [Se31 triangles and [SezBr] triangles in a 
2: 1 ratio along that chain. Both kinds of 
these triangles have already been recog- 
nized (i) in NbSe3 (15) (type III chain) for 
the [Se31 triangle and (ii) in Nb6Se20Br6 for 
the [Se2Br] triangle. 

The recent synthesis of Nb3Se&lZ (16) 
indirectly confirms the existence of a 
Nb$eiOXz series. The structural determina- 

TABLE VIII 

INTERATOMIC DISTANCES (A) WITHIN THE 
“INbSe,Brj,” CHAIN 

Nb7-2Se 1 
-2Se2 
-2SeA 
-Brl 

/NbSe6Br/ polyhedra 
2.596 Nb8 -Sel 
2.658 -Se2 
2.579 -Se3 
2.643 -Se4 

-SeA 
-SeB 
-Br2 

Nb9-Se3 2.660 
-Se4 2.595 
-Se5 2.596 
-Se6 2.655 
-SeB 2.577 
-SeC 2.611 
-Br3 2.620 

Se1 -Se2 
Se1 -SeA 
Se2 -SeA 

Se5 -Se6 
Se5 -SeC 
Se6 -SeC 

“Sex” triangular base 
2.313 Se3 -Se4 
3.867 Se3 -SeB 
3.846 Se4 -SeB 

2.336 
3.851 
3.781 

NbFNbS 3.283 
Nb8-Nb9 3.305 
Nb9-NblO 3.358 

2.650 
2.613 
2.614 
2.662 
2.568 
2.594 
2.592 

NbIO-2Se5 2.639 
-2Se6 2.610 
-2SeC 2.597 
-Br4 2.567 

2.327 
3.799 
3.903 

Note. Standard deviations are all less than or equal 
SeC are concerned. As already mentioned to 10-3. 
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FIG. 6. Niobium atoms with trigonal antiprismatic monocapped coordinations in the “(NbSe,Br/,” 
chain. 

FIG. 7. Projection along [OOI] of Nb/Br atoms belonging to the “1NbSe,BrJ,” chain. 
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tion now in progress will allow the determi- 
nation in that case of the relative position of 
the [Se31 and [Se2X] triangles (ordered or 
disordered). 

The other selenium positions are unam- 
biguously assigned because they are en- 
gaged in (Sez)2- pairs with the usual bond 
length of -2.33 A. 

In the “(NbSeJBrl,” chain, niobium at- 
oms are not exactly aligned along the c axis 
as they are, for instance, within the 
JNbSe& chain. Three different Nb-Nb dis- 
tances are observed according to the se- 
quence reported in Table VI. 

Interactions between the two types of 
chains could only be established through 
their nearest Br . . . Se or Se * . Se atoms 
(see Table IX). 

These bond values are, on the whole, 
greater than 3.3 A, which indicates a rather 
weak interaction of the van der Waals type. 
But a shorter bond is observed between Se8 
and Br2 (3.061 A). Such a value, much 
lower than the sum (3.66 A) of the van der 
Waals radii (Se2- = 1.84 A, Br- = 1.82 A> 
(17), addresses the question of the exis- 
tence of a weak and covalent bonding be- 
tween these atoms. Interanionic contacts of 
the same order of magnitude have already 
been observed in compounds such as 
VzPS10 (18) and V(S2C2Ph2) (19) for in- 
stance. One finds S . . . S distances of 
2.972 and 2.995 A for the former phase and 
2.927, 3.089, and 3.178 A for the latter one. 

TABLE IX 

SHORTEST Se-Se AND Se-Br(c3.5) 
INTERCHAIN BOND LENGTHS& 

A. Between INbSe& and “/NbSezBr(,” chains 

INbSe& INbSe3Brl, 
Se&Br2 3.061 

SelO-Br3 3.485 
Sel6-SeB 3.345 
Sel7-Brl 3.173 

B. Between two adjacent /NbSe,/, chains 
SelSSe7 3.215 

Is that the beginning of the formation of 
polyanions? Molecular orbital calculations, 
made on these phases (20), showed that the 
overlap population for the corresponding 
interanionic contacts were all negative. 
Then, the occurrence of these short dis- 
tances are not to be related to S . . . S 
bonds, but must be seen as the result of the 
constraints imposed to the sulfur ligands 
forced to be close to each other because of 
the high coordination (8) and the small size 
of “V4+.” It is actually observed that with a 
larger metal atom (“Nb4+” or “TaS+” for 
instance) and in similar or related phases 
the phenomenon does not occur. 

However, in Nb3SeloBr2, a Br . . . Se 
distance as small as 3.061 A cannot origi- 
nate in any geometrical constraint as in the 
case of the above vanadium derivatives. 
Thus, the occurrence of a bonding interac- 
tion between these atoms cannot be re- 
jected. A molecular orbital calculation al- 
ready started should provide an answer to 
this question. It is necessary to emphasize 
that Nb3SeloBrz is not the first phase of the 
Nb-Se-Br system to present such small 
interanionic distances. For example, in 
Nb6Se2,,Br6, Se . . . Br distances of 3.029, 
3.179, 3.190, and 3.205 A have also been 
calculated without any explanation of these 
features. 

Physical Properties 

Susceptibility 

Magnetic susceptibility measurements 
have been performed on a collection of sin- 
gle crystals (21.7 mg) with a Faraday bal- 
ance in the temperature range 300-100 
K. After correction for the ion-core 
diamagnetism (Xdia = -80.10e6 uem * 
mole-‘), the susceptibility is found to be 
diamagnetic (see Fig. 8); theoretical values 
reported by Bernier and Poix (21) have 
been used for the corrections (Table X). 

A simple valence (ionic) assignment 
model can be proposed on the basis of 
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FIG. 8. Molar susceptibility versus temperature 

structural considerations: For the INbSe& shows the low-electric-field resistivity as a 
chain function of the inverse of temperature. 

12[Nb, 2(Se:->] + (60-48 NbjSelOBrz is a diamagnetic semiconduc- 

= 12 d-electrons). 
tor (E, = 0.34 eV). This behavior is similar 
to what is observed for the parent chain- 
like compounds such as the (MSe.J,I 
phases ( 1, 2) (see Table VI). 

For the “(NbSe3Br(,,” chain 

[12Nb, 12(Se:-) - 8SeZ- - 16Br] + 
(60-56 = 4 d-electrons). 

This even number of d-electrons is usu- 
ally taken to account in a first approach to 
explain the diamagnetism in these chain- 
like materials. 4 

Resistivity 

Resistivity measurements using the stan- 
dard four-probe technique were performed 3 
on a needle-shaped crystal; the contacts 
were made with silver paint. Figure 9 

2 

TABLE X 

CORRECTION FOR THE ION-CORE 1 
DIAMAGNETISM (THEORETICAL 

VALUES) ACCORDING TO 
BERNIER AND POIX (21) 

(-x x 106) 0 

Nb4+ 
NbS+ 
Se:- 
Se=- 
Br- 

21.6 emu . mol-l 
12.9 emu mol-I 
14.1 emu mol-’ 
47. emu mol-I 
36.7 emu mol-I 

-1 

AI .OG ry 

FIG. 9. Normalized resistance versus lOj/T. 
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stabilize the structure. Moreover, this an- 
ion (iodine) modulates the electronic den- 
sity by pulling one electron out of the 
( MSe4) chain and consequently modifying 
the dz2 band filling and the associated 2kF 
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