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Abstract 

The electrochemical behaviour of 1,2,3-tritellura[3]rrocenophane, [Fe(CsH,Te)sTe), and 1,3-ditellura[3lferrocenophanes, 
[Fe(C,H,Te),E’] (E’= S, Se, or CH,), has been examined and compared to that of the known tri- and di-chalcogena[3]ferroro: 
cenophanes. All the complexes undergo a chemically reversible one-electron oxidation. 1,2,3-Tritellura[3]rrocenophane alsd 
exhibits a clean reduction step, even if complicated by subsequent chemical reactions. Discrete variational (DV-Xa) calculations 
relative to the model compounds [Fe(CsH4Te)aTe], [Fe(CsH,Se),Se], and [Fe(CsH,S),S] allow an unambiguous assignment of the 
molecular orbitals involved in the oxidation and reduction processes. They suggest that the all-tellura[3lferrocenophane complex, 
[Fe(CsH.,Te),Te], is the most accessible both to one-electron addition and removal steps. 
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1. Introduction 

Trichalcogena[3]ferrocenophanes, [Fe(C,H,E),E’], 
are interesting compounds both with respect to their 
molecular geometry in the solid state and to their 
fluxional behaviour in solution. The [3]ferroceno- 
phanes containing sulfur and selenium directly at- 
tached to the cyclopentadienyl rings (E = S or Se) have 
been extensively studied since 1969, when 1,2,3- 
trithia[3]ferrocenophane, [Fe(C,H,S)$] (la), was first 
reported by Davison and Smart 111. However, the cor- 
responding tellurium compounds (E = Te) were ob- 
tained only recently following the preparation of 1,2,3- 
tritellura[3]ferrocenophane, [Fe(C,H,Te),Te] (34 [2,3]. 
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At the present time, all nine possible 1,2,3-trichal- 
cogena[3lferrocenophanes [Fe(C,H,E),E’l (la-lc, 
2a-2c, and 3a-3c), are available for physicochemical 
studies [3]. 

The all-tellura[3lferrocenophane [Fe(C,H,Te),Tel 
(34, possesses the expected molecular structure with 
nearly parallel and almost eclipsed cyclopentadienyl 
rings [2]. Compared with the analogous compounds 
[Fe(C,H,S),Sl (la) 141, [Fe(C,H,S&W (lb) El, 
[Fe(C,H,Se),Se] (2b) [6] and [Ru(C,H,Se),Se] [7], the 
larger tellurium atoms in 3c cause small deviations 
from the ideal geometry [2]. Thus, the ring canting and 
the outwards displacement of the chalcogens E,from 
the plane of their cyclopentadienyl ring are slightly 
larger in 3c, whereas the angle at the central tellurium 
atom (91.6(l)” and 93. g(l)0 for the two molecules of 
the asymmetric unit) [2] is significantly smaller than the 
analogous angle in the comparable ferrocenophanes la 
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E = S h‘ = Se E‘=Te 

E’ = s (la) E’ = s (?a_) E' = S (l!P) 

Se (lb_) Se (Zb) 

Te (1~) Te (2s) 

CHr (ld) CH2 (24) 

Se (3) 

Te (3s) 

CHZ (34) 

(103.9(2?') [4], lb (100.5(l)“) [5] and 2b (100.7”) [6]. 
In solution the all-tellura[3lferrocenophane (3~) un- 

dergoes bridge-reversal more easily than any other 
1,2,3-trichalcogena[3]ferrocenophane. The iH and 13C 
nuclear magnetic resonance (NMR) solution spectra of 
all nine trichalcogena[3]ferrocenophanes (la-lc, 2a-2c, 
and 3a-34 are temperature-dependent, indicating 
non-rigidity in solution above room temperature [8,9]. 
The energy barrier of the bridge-reversal depends on 
the size of the intramolecular trichalcogen chain; the 
highest free activation enthalpy, AG* (298 K), is ob- 
served for [Fe(C,H,S),S] (la) (80.4 5 0.2 kJ mol-‘) 
181, whereas [Fe(C,H,Se),Se] (2b) (67.2 _+ 0.1 kJ mol-‘1 
[8] is more flexible and the smallest barrier is found for 
[Fe(C,H,Te),Te] (3~) (51.8 f 0.2 k.l mol-‘1 [9]. Ac- 
cording to CND0/2 calculations, the bridge inversion 
process probably proceeds through a transition state 
with staggered cyclopentadienyl rings rather than 
through a transition structure with ,eclipsed cyclopenta- 
dienyl rings and a trichalcogen bridge which is copla- 
nar with the iron atom [9]. 

We assumed that 1,2,3-tritellura[3]ferrocenophane, 
[Fe(C,H,Te),Te] (3c), might also be exceptional in its 
redox behaviour. The electrochemistry of a number of 
1,2,3-trichalcogena[3]ferrocenophanes, Fe(C,H,E),E’ 
(E = S or Se) has been studied [lo-121. We now pre- 
sent a complementary investigation of the redox be- 
haviour of the tellurium compounds, 3a-3d. 

2. Results and discussion 

2.3. Electrochemistry of 1,2,3-tritellura[3]ferroceno- 
phane, [Fe(C5H,TeJ2Te] 

Figure l(a) shows the redox behaviour of [Fe(C,H,- 
Te),Te] (3~) in dichloromethane solution. 

Peaks A and D are’typical of a simple redox couple. 
However, the second oxidation peak B and ,the ca- 
thodic peali: E show, in’ the ‘reverse scan, associated 
signals which are indicative of complicated redox 
changes. # 

The simple first oxidation step is clear from the 
cyclic voltammogram at low scan rate (Fig. l(b)). In 
addition, controlled potential coulometry at E, = 0.7 
V consumes one-electron per molecule as the originally 
red-brown solution becomes reddish. The one-elec- 
tron ‘oxidized solution exhibits a cyclic voltammogram 
complementary to that illustrated in Fig. l(b). Unex- 
pectedly, paramagnetic resonance polycrystalline [Fe- 
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Fig. 1. Cyclic voltammograms recorded at a platinum electrode on a 
CH&l, solution containing [Fe(C5H,Te),Te] (3~) (1.2~ 10W3 mol 
dmT3); and [NBuJClO,] (0.2 mol dmm3). Scan rate: (a) 0.2 V s-l; 
(b) 0.05 V s - I. 
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(C,H,Te),Te]+ is electron silent even at 4 K. We have 
no straightforward explanation for this except for un- 
usually fast relaxation processes. 

Cyclic voltammograms, of the peak system A/D with 
the scan rate u varying from 0.02 V/s-’ to 2.00 V/s-’ 
confirm that it is involves a simple reversible one-elec- 
tron redox change [131. (i) The peak-current ratio 
ipD/ipA is constant and unity; (ii), the peak-to-peak 
separation, AE,, progressively increases from 72 mV 
to 164 mV and (iii), the current function ipJv’/’ 
remains essentially constant. 

The variation in AE, with scan rate, in the absence 
of structural information on the ferrocenium cation 
[Fe(C,H,Te),Te]+, allows us to estimate the extent of 
stereochemical reorganization accompanying the one- 
electron oxidation Fe(C,H,Te),Te/[Fe(C,H,Te),Te]+. 
We have often compared it with the peak-to-peak 
separation of the anodic response of ferrocene [141, but 
we now think comparison with the oxidation of de- 
camethylferrocene to be more appropriate. Although 
the variations in bond lengths accompanying the oxida- 
tion of unsubstituted ferrocene are firmly established, 
the relevant conformational changes are not [El. In 
decamethylferrocene, it appears that oxidation is ac- 
companied by an increase of 0.06 A of the Fe-ring 
centroid distance (from 1.656 A to 1.715 A>, and a 
concomitant rearrangement of the cyclopentadienyl 
rings from the staggered (D& to the eclipsed (D5J 
conformation [16]. 

We observe that, under the experimental conditions 
described here for the oxidation of 3c, the peak-to-peak 
separation relevant to the one-electron oxidation of 
[Fe(C,Me,),] (E” = +0.34 V) increases from 72 mV 
to 173 mV. Assuming that the solvation processes of 
the two redox couples are similar, this would suggest 
that the barriers to structural rearrangement accompa- 

(a) 

(b) 

E [VOLT) 

Fig. 2. Cyclic voltammograms recorded at a platinum electrode bn a 
CH&& solution containing [Fe(C,H,Te),Te] (3~) (1.2x 10m3 mol 
dm-‘) and WBu.J[ClO~l(O.2 mol dme3). Scan rate: (a) 0.05 V s-l; 
(b) 0.1 V s-‘; (c) 0.5 V s-l. 

TABLE 1. Self-consistent-multipolar discrete variational atomic character for Fe(CSH,S),S (la) 

MO Eigenvalue Population (%) Character 
- c (eV) Fe 2s c1-S (C5H.A 

S P d S P d S P d 

22a’ 0.47 0 0 5 5 27 a 10 32 3 10 
18a” 0.61 0 0 46 0 1 1 0 1 0 51 
17a” 0.73 0 0 43 1 4 2 0 3 0 47 
21a’ a 3.50 0 0 65 0 10 0 1 7 0 l? 
20a’ 3.62 

Fe d,, 
0 0 82 0 1 0 0 2 0 15 

19a’ 3.84 
F& dzz 

0 0 80 0 3 0 0 1 0 16 Fe 18a’ 4.07 0 0 22 1 33 1 dx+z 3 
28 1 11 

16a” 4.47 0 0 8 0 78 0 0 0 1 13 Sn- 
17a’ 5.34 0 2 0 0 13 0 2 22 0 61 
16a’ 5.51 0 1 0 0 7 0 1 4 0 87 
15a’ 5.72 0 1 1 2 20 1 2 31 0 42 

15a” 6.05 0 0 30 0 0 0 0 0 0 70 + 14a” oCp 6.31 0 2 25 2 10 0 Fey= 

2 0 0 69 ~CP + Fe,, 

a Highest occupied MO. 
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nying the redox changes are similar. The bridge rever- 
sal motion of 3c in solution may involve a transition 
state having staggered cyclopentadienyl rings 191. How- 
ever, it must also be recognised that the interannular 
trichalcogen bridge in [3]ferrocenophanes probably 
tends to prevent the rotation of the cyclopentadienyl 
rings possibly induced by the one-electron removal, 
while favouring their tilting from the strictly parallel 
position [17]. 

Figure 2 shows the cathodic response of 3c at differ- 
ent scan rates. 

The steady-state current observed at slow scan rates 
is diagnostic of a catalytic process regenerating the 
starting compound [13]. On the short cyclic voltamme- 
try time scale, increase .of scan rate increasingly pre- 
vents such a chemical complication; concomitantly, the 
current function ip/v ‘I2 decreases significantly. On 
the longer time scale of controlled potential electroly- 
sis (E, = - 1.3 V), more than four electrons/molecule 
are consumed. After exhaustive reduction no trace of 
the [Fe(C,H,Te),Te]/[Fe(c,H,Te),Te]+ couple is de- 
tectable. This suggests that decomposition reactions 
also parallel the chemical regeneration 3c. To a first 
approximation, we attribute the main chemical compli- 
cation to a simple disproportionation of the transient 
iron(I) anion [Fe(C,H,Te),Te]-, which is instanta- 
neously electrogenerated. Exhaustive reduction of 3c 
might lead to reductive cleavage of the tritellurium 
bridge eventually to give the anions Te2- and 
[Fe(C!,H,Te),12-, which then undergo further reac- 
tions. 

As far as the second anodic process illustrated in 
Fig. 1 is concerned, we did not carry out further 

investigations, because controlled potential coulometry 
(E, = + 1.1 V) indicated the occurrence of electrode 
poisoning phenomena. 

In conclusion, the overall redox processes exhibited 
by 3c can be summarized schematically as follows: 

[Fe(C,H,Te>,Te12’ - decomposition 

I 

products 
Ep= +l.OOV -e 

[Fe(C,H,Te),Te]+ 

E”‘= +0.57 V +e -e 

JI 

[Fe(C,H,Te),Tel(3c> 

E”‘= - 0.96 V +e -e 

II 

[ke(C,H,Te),Tel- - decomposition 

products 

The observation that ferrocene molecules are able 
to add one electron is not unusual, but the reduction 
usually occurs at very negative potential and can be 
detected only at low temperatures (less than -30°C) 
[18]. In an attempt to interpret the relatively easy 
reduction of 3c, a theoretical comparative study of the 
1,2,3-trichalcogena[3]ferrocenophanes [Fe(C,H,E)E’] 
{E = E’ = S (la), Se (2b), Te (3~)) was carried out (see 
below). The smallest HOMO-LUMO separation was 
found for [Fe(C,H,Te),Te] (3~). This could explain the 
actual access to both one-electron addition and one- 

TABLE 2. Self-consistent-multipolar discrete variational atomic character for Fe(C,H,Se),Se (2b) 

MO Eigenvalue 
- 

s P d s P d s P d 

22a’ 0.98 -1 0 3 4 40 4 I 35 1 7 
18a” 1.00 0 0 46 0 1 0 0 0 0 53 
17a” 1.08 o o 30 3 17 1 0 13 1 36 
21a’ a 3.73 0 0 44 0 24 0 1 16 0 15 
20a’ 3.94 0 0 79 0 1 0 0 3 0 17 Fe dZ2 
16a” 4.02 0 0 5 0 86 0 0 0 0 9 Se n- 
19a’ 4.08 -1 0 64 0 8 0 0 14 0 15 Fe(dx+z + d,,) 
18a’ 4.16 0 .O 61 0 14 0 1 10 0 14 Fe(d,z + dX+z + d,,) 
17a’ 5.13 0 0 2 0 43 0 2 43 0 10 
16a’ 5.67 0 0 1 3 5 0 1 18 0 72 
15a’ 5.86 0 1 0 0 0 0 0 1 0 98 
15a” 6.35 0 0 29 0 1 0 0 0 0 70 &p + Fe d,, 
14a” 6.43 0 0 26 0 6 0 0 2 0 66 nCp + Fe d,, 

a Highest occupied MO. 
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TABLE 3. Self-consistent-multipolar discrete variational atomic character for Fe(C,H,Te),Te (3c) 

203 

MO Eigenvalue Population (%) Character 
- e (eV) Fe 2Te p-Te GHA 

S p d s p d f s p d f 

22a’ 0.41 0 0 3 4 45 5 0 7 29 1 0 6 
18a” 0.50 0 0 44 0 0 0 0 0 0 0 0 66 
17a” 0.80 0 0 12 3 10 3 0 0 28 3 0 41 
16a” a 3.20 0 0 5 0 89 0 0 0 0 0 0 6 Te n- 
21a’ 3.34 0 1 42 0 27 1 0 1 15 0 0 13 
20a’ 3.52 0 0 72 0 3 0 0 0 9 0 0 16 Fe(d,z + dz2_,.z) 
19a’ 3.62 -1 0 73 0 3 0 0 0 8 0 0 17 Fe(d,z + d,, + d,z.+) 
18a’ 3.74 0 0 57 0 17 0 0 1 12 0 0 13 Fe(d,z + d,, + d,z_$ 
17a’ 4.38 0 0 5 0 39 1 0 1 46 1 0 7 
16a’ 5.17 0 1 0 3 10 0 0 1 22 0 0 63 
15a’ 5.38 0 1 0 0 1 0 0 0 1 0 0 97 
15a” 5.81 0 0 11 4 30 0 0 0 3 0 0 52 nCp + Fe dyr 
14a” 5.84 0 0 22 3 14 0 0 0 10 0 0 51 lrCp + Fe d,, 

a Highest occupied MO. 

electron removal, which was not observed previously 
for la and 2b, [lo-121. 

2.2. Theoretical study of the 1,2,3+ichuZcogena[3]ferro- 
cenophanes, [Fe(C, H4 E), E ‘1 (E = E ’ = S, Se or Te) 

The electronic structure of la, 2b, and 3c can be 
conveniently described in relation to [Fe(q5 - C,H,),l, 
the bonding scheme of which has been thoroughly 
investigated both experimentally and theoretically [19- 
241. It has been shown that the highest occupied MOs 
of ferrocene are strongly localized on the iron atom <e; 
and a;, assuming an eclipsed conformation for the two 
cyclopentadienyl rings D,, symmetry), the e; pair be- 
ing weakly Fe-Cp bonding, whereas the a; MO is 
essentially non-bonding. Trivial symmetry considera- 
tions as well as qualitative arguments lead us to sup- 

pose that the main features of-the electronic structure 
of [Fe(C,H,),] should be maintained in the [3]ferro- 
cenophanes. However, the presence of the high lying 
chalcogenide lone pairs must be taken into account. 

The eigenvalues as well as the Mulliken [25] charge 
density analyses of the outermost MOs of la, 2b, and 
3c are given in Tables l-3. 

The quantitative theoretical results completely con- 
firm the qualitative analysis. In la the three outermost 
orbitals (21a’, 20a’, 19a’ MOs in Table 1) are, remifiis- 
cent of the metal-based e; + a; levels of ferrocene 
(which are localized on the 3d-Fe AOs and the C,H, 
fragments). Moreov&, the two lowest unoccupied or- 
bitals 17a” and 18a” are the metal-based antibonding 
partners of the 15a” and 14a” MOs responsible for the 
Cp IT+ Fe 3d,, and Cp r + Fe 3d,, transitions, 

MO 18a’ in the XY Plane MO 18a’ in the XZ Plane 

(a> @I 
Fig. 3. DV-X a contour plots of the 18a’ MO: (a) in the XY plane; (b) in the XZ plane: Logarithmic contour levels are f8 x lo-‘; 
f 16 x 10m4; f 32 x 10m4.. . el/* Ae3/*. 
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respectively. Particularly interesting is the behaviour of 
the 18a’ and 16a” MOs along the series. As illustrated 
in Fig. 3, the former is strongly delocalized in 
[Fe(C,H,S),S] (la), is antibonding with respect to the 
Fe-Cp interaction (Fig. 3(a)) and, at the same time, 
accounts for a long-range bonding interaction between 
the central sulfur atom (E’ = S) and the metallic centre 
(Fig. 3(b)). 

As shown in Fig. 4, the MO 16a” represents the 
antisymmetric combination of S lone pairs, roughly 
perpendicular to the C-S-S’ bridge. 

On moving from [Fe(C,H,S),S] (la) to [Fe(C,H, 
Te),Te] (3c), the energy levels of the MOs strongly 
localized on Fe (21a’, 20a’, 19a’ MOs in la, 20a’, 19a’, 
18a’ MOs in 2b and 3c) are only slightly affected, 
while, according to their localization on the chalcogen 
atoms, the MOs 18a’ and 16a”~of [Fe(C,H,S),S] (la) 
undergo a significant destabilization. In 3c, the out-of- 
phase linear combinations of Te lone pairs become the 
HOMO. 

These results may account for the electrochemistry. 
The HOMO-LUMO gaps were ioinputed to be: la, 
2.77 eVi,2b, 2.65 ev; 3c, 2.4Q eV. 

Even if in 3c solvation process& lower this value to 
AE = 1.53 &V, it is .&ill con@ivab;le that 3c is particu- 
larly accessible to one-electron addition-removal pro- 
tie&es. 

2.3. &“le&bchemistry of the 1,3-ditellura[3Iferra- 
benophanes [Fe(C;H4Te),E’] (E’ = S, )Se or CH,) 

Figure 5 compares the cyclic voltammefric responses 
to one-electron oxidation of 3&, Sb, 3c and 3d.’ 

Substitution of the central. bridging tellurium atom 
(E’) does not mqdify the eiectrochemical response 
appreciably, ,except for a slight shift towards more 

MO 16a” in the XY Plane 

Fig. 4. DV-Xa contour plots of the 16a” MO in the XY plane. 
tigarithmic contour levels are +8x 10-O; +16x 10m4; *32x 
lo-4... e1/2 A-312. 

(a) 

EIVOLTI 

(d) 

Fig. 5. Cyclic voltammograms recorded at a platinum electrode on 
CH2C12 solutions containing [NBu,IC104] (0.2 mol dme3) and: (a) 
[Fe(CSH4Te)2S] (3a) (1.1 X 10e3 MO1 dm-‘); (b) [Fe(CSH,Te),Se] 
(3b) (8.OX1O-4 mol dmm3); (c) [Fe(C,H,Te),Te] (3~) (1.2~10-~ 
mol dmA3); (d) [Fe(C,H,Te),(CH,)] (3d) (6.OX1O-4 mol dmy3). 
Scan rate 0.2 ‘V/s-‘. 

positive potentials, consistent with lower electron den- 
sity. More dramatic effects seem to result from the 
incorporation of a methylene fragment into thelbridg- 
ing position, in that ‘oxidation is notably favoured, 
although electron removal is hindered as judged from 
the peak-to-peak separation. 

Similar to [Fe(C,H,Te),Te]+, the electrogenerated 
cation [Fe(C,H,Te),S]+ in polycry$talline powder has 
no EPR activity at 4 K. 
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TABLE 4. Redox potentials (in V, vs. SCE) and peak-to-peak 
separations (in mV, at 0.1 V/s-‘) for the one-electron oxidation of 
tellura-[3lferrocenophanes a and related chalcogena [3]ferro- 
cenophanes [lo-121 

Compound E”’ AE, Solvent 
(VI b (mV) 

la Fe(C,H,S),S 
2b Fe(C;H;Sej,Se 
3c Fe(CsH,Te),Te 
la Fe(C,H,S),S 
lb Fe(C,H,S),Se 

+ 0.73 
+ 0.64 
+ 0.56 
+ 0.68 
+ 0.64 
+ 0.69 
+ 0.58 
+0.59 
+ 0.63 
+ 0.59 
d 

lc Fe(C,H,S),Te 
Id Fe(CsH,S),CH, 
2a Fe(C,H,Se),S 
2b Fe(C,H,Se),Se 
2c Fe(CsH,Se),Te 
2d Fe(CsH,Se),CH, 

3a Fe(CsH4Te)sS 
3b Fe(CsH,Te),Se 
3c Fe(CsH4Te)rTe 
3d Fe(C,H,Te),CH, 

Fe(C,H& 

+ 0.56 
+ 0.60 
+ 0.62 
+0.61 
+0.57 
+ 0.22 
+ 0.38 
+ 0.44 

MeCN/THF c 10 
MeCN/THF c 10 

70 MeCN/THF c This work 
MeCN 12 
MeCN 12 
MeCN/THF ’ 10 
MeCN/THF c 10 
MeCN 12 
MeCN 12 
MeCN 12 

MeCN 
MeCN/THF c 

. 74 c3-w2 

74 m2c12 

74 cI-I,Cl, 

175 (=2CI2 

70 MeCN 

78 (332CI2 

Reference 

12 
10 
This work 
This work 
This work 
This work 
This work 
This work 

B Present work. b The redox potentials given in refs. 11 and 12 were 
converted to values vs. SCE. c Sokent mixture i: 1 (v/v). d Not 
measured. 

Table 4 summarizes the electrochemical data of 
3a-3d, and the literature data for the related thia- and 
selenaj3lferrocenophanes [lo-121. The relatively high 
oxidation potentials of thia[3]ferrocenophanes are pro- 
gressively lowered if the heavier chalcogens selenium 
and tellurium, respectively, are introduced into the 
intramolecular trichalcogen bridge. However, all 
trichalcogena[3]ferrocenophanes are less easily oxi- 
dised than ferrocene itself. 

3. Experimental details 

The tellura[3]ferrocenophanes were prepared ac- 
cording to reported procedures [2,3]. 

Anhydrous dichloromethane, acetonitrile and tetra- 
hydrofuran (packaged under dinitrogen, 100 ml bottles) 
for electrochemistry were Aldrich products. Tetra- 
butylammonium perchlorate (Fluka) and tetraethylam- 
monium perchlorate (Carlo Erba) supporting elec- 
trolytes were commercial products, which were dried 
and stored in a vacuum oven at 40°C. 

The cyclic voltammetric measurements were per- 
formed with a BAS 1OOA electrochemical analyzer. A 
three electrode cell was designed to allow the tip of the 
saturated calomel reference electrode (SCE) to ap- 
proach closely, via a Luggin capillary, the platinum disk 
working electrode, which in turn was surrounded by a 
platinum spiral counter-electrode. 

Controlled potential coulometry was carried out by 
using an AMEGMod. 552 potentiostat, connected to 
an AMEGMod. 558 integrator. A three-compartment 
cell was designed with a central unit bearing-platinum 
gauze working macroelectrode. The lateral compart- 
ments contained the reference (SCE) and the auxiliary 
(mercury pool) electrodes, respectively. The compart- 
ments containing’ the working and the auxiliary elec- 
trodes were separated by a sintered glass disk. 

Deoxygenation of the solutions was by bubbling 
ultrapure dinitrogen for at least 10 min. ‘, 

All the potential values are referred. to SCE. 

4. Calculations 

The quantum mechanical calculations have been run 
with the self-consistent one-electron local density ap- 
proach. The non-relativistic form of the one-electron 
Schriidinger equation can be written (in Hartree’ atomic 
units, u represents spin) as 

where 

Her = [ - iv2 + V,(r) + K.x,o<~>] (2) 

The three terms refer, to the kinetic energy, the 
Coulomb potential and the exchange-correlation po- 
tential, respectively. As far as the effective single parti- 
cle exchange-correlation potential is concerned, the 
Slater Xcu form [26] (see, eqn. (3)) was employed. 
Throughout the calculations we used, (Y = 0.7, 6hich is 
close to the Kohn-Sham value of 2/3. Variation of (Y 
between 2/3 and 0.7 has insignificant effects on our 
results. 

(3) 

The matrix elements of the effective Hamiltonian 
and of the symmetry orbital overlap matrix S were 
evaluated as discrete sums over a set of. sample points. 
This set includes not only pseudorandom diophantine 
points [27-291 but also a regular spherical volume 
mesh which has been added in order to obtain a better 
accuracy in the description of the wavefunction in the 
region close to the nuclei. 

The occupation numbers of each MO were deter- 
mined by applying Fermi-Dirac statistics. The Coulomb 
potential was computed by a one-dimensional integra- 
tion by replacing the actual electron charge density 
with a model density, i.e. the “true” electron charge 
density has been cast in a multicentre overlapping 
multipolar form [30]. 

An extended basis set has been used for all the 
atoms (Fe, ls-4d AOs; Te, ls-4f-5d AOs; Se, ls-4d 
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AOs; S, ls-3d AOs; C, ls-3p AOs) with the exclusion 
of H where a minimal basis set was adopted. Spherical 
wells (2 Ry deep) having an internal and external 
radius of 4.0 and 6.0 au, respectively, were added to 
the atomic potentials. Such a procedure provides a 
practical means for extending the basis to deal with 
diffuse orbitals. Moreover, it is flexible enough so that 
the basis sets can be optimized for the particular 
molecular application. 

The experimental geometry of the title compounds 
[2] was idealized to C, symmetry. The calculations have 
been performed on a DEcSZOO/CX <Digital Equip- 
ments) workstation at the Inorganic Chemistry Depart- 
ment of the University of Padova. 
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