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The technetium(III) compound (n-Bu4 N)2 [Tc2 Br8 ] was prepared by metathesis of (n-Bu4 N)2 [Tc2 Cl8 ] with
concentrated aqueous HBr in acetone and recrystallized from acetone–diethyl ether solution (2 : 1 v/v).
The acetone solvate obtained, (n-Bu4 N)2 [Tc2 Br8 ]·4[(CH3 )2 CO] (1), crystallizes in the monoclinic space
group P21 /n with a = 13.8959(8) Å, b = 15.2597(9) Å, c = 15.5741(9) Å, b = 109.107(1)◦ , R1 = 0.028,
and Z = 4. The Tc–Tc distance (2.1625(9) Å) and the average Tc–Br distances (2.4734(7) Å) are in
excellent agreement with those previously determined by EXAFS spectroscopy. These and other
experimental data on quadruply metal–metal bonded group 7 [M2 X8 ]2- dimers (M = Tc, Re; X = Cl,
Br) are compared to the results of a set of multi-conﬁgurational quantum chemical studies. The
calculated molecular structures of the ground states are in very good agreement with the structures
determined experimentally. The theory overestimates the d → d* transition energies by some 1 000 cm-1 ,
but mimics the trends in d → d* energies across the series.

Introduction
An understanding of molecular compounds that contain metal–
metal bonds is fundamental to interpreting structural and bonding
properties, catalysis, metal surface chemistry, and magnetism.1
The discovery of dirhenium(III) complexes with metal–metal
quadruple bonds foreshadowed a revolution in the study of metal–
metal bonds and the identiﬁcation of novel types of bonding.2 The
importance of quantum chemistry to this area of science is not only
based on its ability to solve the quantum-mechanical equations to
a good degree of approximation for complex molecules, but also
on the fact that the ﬁeld can now perform theoretical simulations
of real beneﬁt to the experimental community. Ab initio quantum
chemistry has made so many advances in the last 40 years that
it now allows the study of molecular systems containing any of
the atoms in the periodic table. Technetium chemistry represents
a challenge for experimentalists and the interplay between theory
and experiment is of extreme importance in such a case. In the
following, we present a combined experimental and theoretical
study in which we elucidate some key features of the Tc–Tc
quadruple bond.
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Exploration of the fundamental chemistry of technetium remains limited due to the relatively small number of laboratories
equipped to work with suitable quantities of this fascinating
radioelement. Over the past three years, we have established the
capability to work with synthetic quantities (i.e., multi-milligram
amounts) of 99 Tc in the radiological laboratories of the Harry
Reid Center for Environmental Studies at UNLV and have been
exploring several aspects of its inorganic and organometallic
chemistry. One of our interests is multiply metal–metal bonded
technetium complexes for which there is a paucity of data in the
primary literature. As one striking comparison with its heavier
congener, more than one hundred quadruply metal–metal bonded
rhenium(III) dimers have been crystallographically characterized,
while only ﬁve such examples are known for technetium.3,4 In fact,
it has been more than 15 years since the last crystal structure
of a Tc(III) dimer, that of Tc2 (O2 CCH3 )4 (TcO4 )2 , was reported.5
Recently, we presented structural data for the [Tc2 X8 ]2- ions
(X = Cl, Br) derived from analysis of EXAFS spectra of the
tetra-n-butyl ammonium (TBA) salts, as well as the electronic
spectra of the two octahaloditechnetate ions in solution.6 The
close similarity of the optical spectra with those of their rhenium
analogues permitted an assignment of the electronic transitions in
the [Tc2 X8 ]2- dimers, including the ubiquitous d → d* transitions.
Of particular note was the near coincidence of the d → d*
transitions in the [M2 Cl8 ]2- and [M2 Br8 ]2- complexes (M = Tc,
Re). It occurred to us that calculations of the electronic spectra
of these dimers had never been pursued simultaneously using
state-of-the-art methods. This situation is partially remedied
in the present work. We have performed multi-conﬁgurational
quantum chemical calculations, using the Complete Active Space
SCF (CASSCF) method, followed by second order perturbation
theory (CASPT2) to determine: (1) the structures of the [M2 X8 ]2complexes in their 1 A1g ground states and 1 A2u excited states, (2)
the energies and trends associated with the d → d* transitions,
This journal is © The Royal Society of Chemistry 2009

and (3) the bond order of the metal–metal bonds in each complex.
Finally, the structure of the [Tc2 Br8 ]2- ion as an acetone solvate,
(n-Bu4 N)2 [Tc2 Br8 ]·4[(CH3 )2 CO] (1), was determined by singlecrystal X-ray diffraction and compared to the geometry derived
from the aforementioned EXAFS data.

Experimental
Synthesis
Caution. Techetium-99 is a weak beta emitter (E max =
292 keV). All manipulations were performed in a radiochemistry
laboratory designed for chemical synthesis using efﬁcient HEPAﬁltered fume hoods, Schlenk and glove box techniques, and
following locally approved radioisotope handling and monitoring procedures. The compound (n-Bu4 N)2 [Tc2 Br8 ] was prepared
according to the procedure previously reported.7 Single crystals
suitable for X-ray diffraction were grown over the course of 1 week
from a concentrated acetone solution of the salt that was carefully
layered with diethyl ether (2 : 1 v/v) at -25 ◦ C.

Table 1 Crystallographic parameters for (n-Bu4 N)2 [Tc2 Br8 ]·4[(CH3 )2 CO]
Formula
M r /g mol-1
Crystal system
Space group
a/Å
b/Å
c/Å
a/◦
b/◦
g /◦
V /Å3
Z
r/g cm-3
T/K
Radiation
Wavelength
Reﬂections collected
Independent reﬂections
Parameters
Largest diffraction peak/e Å-3
R(F o )(F o 2 > 2s(F o 2 )
R(F o 2 ) (all data)
Rw (F o 2 )
Goodness-of-ﬁt

C44 H96 Br8 N2 O4 Tc2
1554.49
Monoclinic
P21 /n
13.8959(8)
15.2597(9)
15.5741(9)
90
109.107(1)
90
3120.5(3)
4
1.652
150(2)
Mo Ka
0.71073
5630
2907
280
0.612
0.0280
0.0365
0.0696
1.008

Crystal structure determination
Initial attempts to determine the structure of (n-Bu4 N)2 [Tc2 Br8 ]
utilized samples that had been removed from the mother liquor
for a few hours. While the samples appeared crystalline to the
naked eye, only weak diffraction peaks were observed. Suspecting
desolvation, a clear crystal was selected directly from the mother
liquor and quickly moved by needle into a drop of paratone oil.
The paratone-covered crystal was then mounted on a glass ﬁber
and immediately cooled in a nitrogen cold stream to 150 K. A
full hemisphere of data was then collected on a Bruker APEX
II diffractometer. The structure was solved by direct methods
and reﬁned against F 2 using SHELX-97.8 Hydrogen atoms were
added geometrically and reﬁned using the riding model. The
data to parameter ratio is only slightly higher than the ideal
10 : 1 ratio. This is undoubtedly a result of a more signiﬁcant
decrease in scattering intensity at high scattering vectors than
usual, due to poorly ordered solvent molecules in the lattice
(see below), and necessitating a data cutoff after integration
at 0.88 Å-1 in the ﬁnal reﬁnement. Fourier peaks suggested
positional disorder in 1. Within 1, it is possible for the Tc–Tc
bond to point in three separate directions (details are presented
in the Results and Discussion section). In the ﬁnal reﬁnement,
it was found that a dominant Tc–Tc pair is present with 91.96
reﬁned occupancy, while the less favorable orientations reﬁne
to 5.01 and 3.03%, respectively. Given the approximately cubic
dimensions of the dimer, no partially ordered models were needed
for the Br positions. The value for the three occupancies was
constrained to be equal to 1 total. No other constraints/restraints
were needed to obtain a reasonable structure for non-hydrogen
atoms. The structure reﬁned down to an R1 value of 2.80%.
Reﬁnement to a chemically reasonable geometry, displacement
parameters, and bond distances for the TBA cation suggests a very
reliable structure determination overall, especially considering
how poorly TBA often orders. The displacement parameters for
all molecules are generally good with the exception of one of
the two crystallographically independent acetone molecules. The
large displacement parameters for this molecule are suggestive of
This journal is © The Royal Society of Chemistry 2009

a poorly deﬁned crystallographic position for the molecule itself,
as is chemically sensible based on the crystal structure, rather
than a low quality crystal structure determination. An attempt
at reﬁning the acetone with the largest displacement parameters
using partial occupancy lead to a reﬁned occupancy parameter
slightly above unity, indicative of disorder rather than partial
occupancy. Selected crystallographic information is presented in
Table 1, full crystallographic information and a cif ﬁle are supplied
in the ESI.†
Computational details
All calculations were performed using the MOLCAS-7.2 package.9
The ANO-RCC basis set was used for all atoms.10 Two sets of
calculations were performed, one with basis sets of VTZP quality
and one with VQZP quality. The VTZP basis corresponds to the
following contractions: 8s7p5d3f2g1h for Re, 7s6p4d2f1g for Tc,
5s4p2d1f for Cl and 6s5p3d1f for Br. The VQZP basis corresponds
to the contractions: 9s8p6d4f3g2h for Re, 8s7p5d3f2g1h for Tc,
6s5p3d2f1g for Cl and 7s6p4d2f1g for Br. The complete active
space CASSCF method is used to generate wave functions for a
predetermined set of electronic states.11 Dynamic correlation is
added using second-order perturbation theory, CASPT2.12 Scalar
relativistic effects were included using a Douglas–Kroll–Hess
Hamiltonian.13 The geometry of the 1 A1g ground state of the
complexes was initially taken from crystallographic data.6,14–16 A
numerical optimization of two degrees of freedom, the metal–
metal (M–M) and metal–halide (M–X) bond distances was then
performed for both the 1 A1g ground state and the 1 A2u excited state
at the CASPT2 level, using the VTZP basis and assuming that
the complexes had rigorous D4h symmetry. Because MOLCAS
works in subgroups of the D2h point group, all calculations
were performed in D2h symmetry. The adiabatic energy difference
between the 1 A1g and 1 A2u electronic states was computed with both
the VTZP basis set and VQZP basis set at the VTZP optimized
geometries. In the CASSCF calculations the complete active space
contains twelve electrons in twelve active orbitals (12/12). This
Dalton Trans., 2009, 5954–5959 | 5955

space comprises one nds, two ndp, and one ndd M–M bonding
orbitals and the corresponding antibonding orbitals, two M–X d
bonding orbitals and the corresponding two antibonding MOs.
This active space can only describe electronic states where the
excitations are located in the M–M bond. All the Cl 3p (Br 4p)
orbitals should be included in the active space to cover also all
possible ligand-to-metal charge-transfer (LMCT) excitations, but
these excitations have not been considered in the present study. In
the subsequent CASPT2 calculations, orbitals up to and including
the 4d for Re, 3d for Tc, 2p for Cl and 3p for Br were kept frozen.
The method has proven to be successful in the study of similar
systems.17–21 The molecular orbitals forming the active space for
Tc2 Br8 2- are shown in Fig. 1.

Fig. 2 (a) Structural view of 1 from the a crystallographic direction.
Tc, Br, N, C and H atoms are in orange, red, blue, grey, and dark grey,
respectively. Acetone solvent molecules and low occupancy Tc1b and Tc1c
sites are not shown for clarity. (b) View of the anion arrangement in 1 from
the b crystallographic direction. Tc, Br, C, and H atoms are in orange, red,
grey, and dark grey, respectively.

Fig. 1 Active orbitals for [Tc2 Br8 ]2- with their occupation numbers in the
ground state.

Results and discussion
The TBA salt of octabromoditechnetate(III) crystallizes as an
acetone solvate in the monoclinic space group P21 /n. The asymmetric unit contains two acetone molecules, one tetrabutylammonium cation and one half of a Tc2 Br8 2- anion that is completed
by an inversion operation. The absence of highly favorable
intermolecular interactions between the three constituents of the
material leads to a structure best described as folded sheets of TBA
cations with 1D cavities occupied by [Tc2 Br8 ]2- anions and acetone
(Fig. 2a). The [Tc2 Br8 ]2- anions only ﬁll the 1D voids partially,
resulting in the inclusion of two acetone solvent molecules between
anions (Fig. 2b). The large displacement parameters of the
acetone, coupled with the observation that there are no strong intra
molecular interactions between acetone and other species, suggests
its role is primarily to occupy space. The TBA cations assume a
relatively ﬂat geometry in the puckered sheets to maximize Van
der Waals interactions between the interdigitated butyl chains
(Fig. 3). Voids in this arrangement are occupied by a second
crystallographically unique acetone molecule. The moderately
lower displacement parameters on this acetone molecule indicate
it is more signiﬁcant for stabilizing the structure overall. Views
using space-ﬁlling representations (not shown) indicate that the
molecules are in Van der Waals contact within the sheets.
Disordering of M2 X8 2- anions in (n-Bu4 N)2 M2 X8 crystal structure has already been observed for the rhenium (X = Cl,
Br) and technetium analogues (X = Cl).14–16 For the chloride
5956 | Dalton Trans., 2009, 5954–5959

Fig. 3 Structural view of the TBA sheets from 1, viewed in the b
crystallographic direction. N, C and H atoms are in blue, grey, and white,
respectively.

analogue (n-Bu4 N)2 [Tc2 Cl8 ], the anions are disordered such that
~30% of the [Tc2 Cl8 ] units are perpendicular to the majority
orientation.14 While not intuitive, the 8 Br atoms in [Tc2 Br8 ]2form an approximate cube, with the longest Br–Br distance
varying approx. 2% between shorter Br–Br distances for Br atoms
on the same Tc atom vs. Br–Br distances for Br atoms across
the Tc–Tc quadruple bond from one another. Presumably, the
energy difference between differing orientations of the nearly
cubic anion in these structures is sufﬁciently low that multiple
orientations are typically observed. In the case of 1, the disorder
is sufﬁciently low (~8%) that there should be minimal distortion
of the Tc–Tc bond distance, consistent with its agreement with
the EXAFS data. For the alternate orientations, the Tc–Tc
bond distances are roughly 0.1 Å lower, indicating that their
occupancy is too low for physically meaningful bond distances
to be extracted. The presence of acetone increases the unit cell
volume and 1 has the highest unit cell volume among the four
(n-Bu4 N)2 [M2 X8 ] (M = Tc, Re; X = Cl, Br) compounds.14–16 The
[Tc2 Br8 ]2- anion (Fig. 4) exhibits an eclipsed geometry comparable
This journal is © The Royal Society of Chemistry 2009

Table 3 CASPT2 typical bond distances calculated with the VTZP basis
set. In parentheses DFT results from Cavigliasso and Kaltsoyannis.24
EXAFS and XRD results are also reported. Energies corresponding to
the d → d* (1 A2u ← 1 A1g ) transitions (DE), computed also with the VQZP
basis set, at the VTZP geometries

System

M–M/Å

M–X/Å

DE/ DE/
eV
cm-1

Band max./
cm-1 6

2.230 (2.24)
2.24, 2.222
2.274
—

2.315 (2.34)
2.36, 2.32
2.304 (2.33)
—

—
—
2.063
1.938

—
—
16640
15628

—
—
14589
—

2.211 (2.17)
2.17, 2.147
2.241
—

2.332 (2.33)
2.34, 2.320
2.321
—

—
—
2.051
1.963

—
—
16547
15836

—
—
14713
—

2.210 (2.24)
2.218
2.260
—

2.443 (2.51)
2.473
2.431
—

—
—
1.918
1.840

—
—
15471
14841

—
—
13957
—

2.174 (2.18)
2.16, 2.162
2.228
—

2.448 (2.51)
2.48, 2.473
2.4338
—

—
—
1.882
1.824

—
—
15185
14714

—
—
13717
—

[Re2 Cl8 ]21

A1g
EXAFS,25 XRD15
1
A2u
VQZP
Fig. 4 ORTEP representation of the Tc2 Br8 2- ion in (n-Bu4 N)2 [Tc2 Br8 ]·
4[(CH3 )2 CO].

[Tc2 Cl8 ]21

to [Tc2 Cl8 ]2- and the [Re2 X8 ]2- ions, all of which have approximate
D4h symmetry. The Tc–Tc and Tc–Br distances found here are in
excellent agreement with those previously determined by EXAFS
spectroscopy (Table 2 and Table 3). The metal–metal separation
is ~0.02 Å longer in [Tc2 Br8 ]2- than in [Tc2 Cl8 ]2- , while the Re–Re
distances are nearly identical in [Re2 Cl8 ]2- and [Re2 Br8 ]2- . Also, the
Tc–Tc distance in the quadruply bonded Tc complexes is longer
than in the triply bonded ones. This phenomenon was previously
discussed and it was proposed that the change from [Tc2 Cl8 ]3to [Tc2 Cl8 ]2- raises the bond order but also causes a contraction
of the valence orbitals of the metal atoms.22 The contraction
weakens the s and p overlaps, which results in a lengthening of
the bond and an increase of the Tc–Tc separation. The average
Tc–Tc–Br angle found by XRD (105.01(3)◦ ) is comparable to
the one found by EXAFS (105.54◦ ); this angle is slightly more
obtuse than the Tc–Tc–Cl angle (103.8(4)◦ ) in [Tc2 Cl8 ]2- .14 Previous
calculations on quadruply bonded systems have been preformed
and a relationship between the M–M–X angles and the M–M
distances was obtained.23

Table 2 Bond distances (Å), angles (◦ ) and torsion angles (◦ ) in the
[Tc2 Br8 ]2- ion
Bond distances/Å
Tc(1)–Tc(1)
Tc(1)–Br(1)
Tc(1)–Br(2)

2.1625(9)
2.4796(7)
2.4643(7)

Tc(1)–Br(3)
Tc(1)–Br(4)

2.4754(7)
2.4746(7)

A1g
EXAFS,6 XRD14
1
A2u
VQZP
[Re2 Br8 ]21

A1g
XRD16
1
A2u
VQZP
[Tc2 Br8 ]21

A1g
EXAFS,6 XRD
1
A2u
VQZP

Computational
In Table 3, the CASPT2 M–M and M–X bond distances for the
1
A1g ground state of the four species are listed, together with
experimental values and the density functional theory (DFT)
values obtained by Cavigliasso and Kaltsoyannis.24 The DFT results of Kaltsoyannis et al. were obtained using three generalizedgradient-approximation functionals BLYP, OLYP and PBE. The
CASPT2 M–M and M–X bond distances for the 1 A2u excited are
also reported in Table 3, together with the d → d* (1 A2u ← 1 A1g )
excitation energies. The d → d* bands for the four dimers are
shown in Fig. 5. The calculated bond distances are in reasonable
agreement with experiment and previous calculations. The present
work adds a piece of new information to the studies performed by

Bond angles/◦
Tc(1)–Tc(1)–Br(1)
Tc(1)–Tc(1)–Br(2)
Br(1)–Tc(1)–Br(2)
Br(1)–Tc(1)–Br(3)
Br (1)–Tc(1)–Br(4)

104.41(3)
105.50(3)
150.08(3)
86.13(3)
86.18(2)

Tc(1)–Tc(1)–Br(3)
Tc(1)–Tc(1)–Br(4)
Br(2)–Tc(1)–Br(3)
Br(2)–Tc(1)–Br(4)
Br(3)–Tc(1)–Br(4)

105.18(3)
104.95(3)
86.88(3)
85.42(3)
88.3(3)

Torsion angles/◦
Br(3)–Tc(1)–Tc(1)–Br(4) 0.290(3)
Br(1)–Br(2)–Br(3)–Br(4) 0.186(2)

Br(1)–Tc(1)–Tc(1)–Br(2) 0.813(3)

Symmetry transformations used to generate equivalent atoms: 1 - x,-y +
1,-z.

This journal is © The Royal Society of Chemistry 2009

Fig. 5 The d → d* (1 A2u ← 1 A1g ) portion of the UV-vis spectra of the
(n-Bu4 N)2 [M2 X8 ] complexes measured in dichloromethane.
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Cavigliasso and Kaltsoyannis24 in the sense that it has allowed
us to determine the properties of the 1 A2u state with the same
accuracy as the one used for the ground state. The CASPT2
excitation energies are higher than the measured values (about
2000 cm-1 higher with the VTZP basis set and ~1000 cm-1 higher
with the VQZP basis set); however, the trend along the series of
four compounds follows a similar pattern (Fig. 6), implying the
capture of relevant systematic molecular energetic variations. The
calculations nicely capture the red shift of the d → d* transition
energy going from the chlorides to the bromides, and the near
degeneracy of the d → d* energy for each pair of [M2 Cl8 ]2- and
[M2 Br8 ]2- (M = Tc, Re) anions.

Fig. 6 Excitation energy (cm-1 ) of the d → d* transition for [Re2 Cl8 ]2- ,
[Tc2 Cl8 ]2- , [Re2 Br8 ]2- and [Tc2 Br8 ]2- . Experimental values in black; values
obtained with VTZP basis set in pink and with VQZP in blue.

In going from the VTZP to the VQZP basis set, the differences between CASPT2 and experimental excitation energies are
reduced by about 500–1000 cm-1 . We have computed the excitation
energy for Tc2 Cl8 2- also using a V5ZP basis set and the result
differed only by 50 cm-1 from the result obtained with the VQZP
basis set. We thus consider our results converged with respect
to basis sets. The remaining difference between calculated and
measured excitation energies may be due to the fact that the
calculations have been performed on isolated molecules, while the
optical experiments refer to salts dissolved in solution. Moreover,
this energy difference is similar to what we obtained in our previous
studies on the octamethyldimetalates of Cr(II), Mo(II), W(II), and
Re(III).17 We thus think that our results are as good as one can
expect with this approach.
We inspected the molecular orbitals and the ground state wavefunctions for the four complexes. In Fig. 1 we present the MOs of
[Tc2 Br8 ]2- as an illustrative example. We shall start the discussion
with [Re2 Cl8 ]2- . The dominant electronic conﬁguration in the 1 A1g
ground state has a weight of 0.67, and the twelve molecular
orbitals used in the calculations are nicely paired such that the
sum of the occupation numbers for the bonding and antibonding
orbitals of a given type is almost exactly two. We note that the
two bonding Re–Cl orbitals are mainly located on Cl as expected,
while the antibonding orbitals have large contributions from the
Re 5dx2 -y2 orbital. The occupation is low and these orbitals are thus
almost empty and may be used as acceptor orbitals for electronic
transitions. The strongest bond between the two Re atoms is the
s bond, with an occupation numbers hb = 1.92 for the bonding
natural orbital and ha = 0.08 for the antibonding natural orbital.
We can estimate the effective bond order, that can be a non integer
5958 | Dalton Trans., 2009, 5954–5959

Table 4 Effective bond order, total bond order and weight of the
dominant electronic conﬁguration in the 1 A1g ground state for [M2 X8 ]2(M = Tc, Re; X = Cl, Br)
[Re2 Cl8 ]2- [Tc2 Cl8 ]2- [Re2 Br8 ]2- [Tc2 Br8 ]2s 0.92
p 1.76
d 0.57
Total bond order
3.25
Weight of the electronic
0.67
conﬁguration in 1 A1g
Effective bond order

0.87
1.64
0.42
2.93
0.55

0.92
1.78
0.62
3.32
0.69

0.96
1.69
0.50
3.15
0.59

number, as (hb - ha )/(hb + ha ). Thus, for the s bond we obtain
the value 0.92. The corresponding value for the p bond is 1.76.
The d/d* pair gives an effective bond order of only 0.57. Adding
up, these numbers result in a total effective bond order of 3.25.
Similar results were obtained on our previous studies of Re–Re
compounds.17 The reduction of the bond order from 4.0 to 3.25 was
explained principally in terms of the weakness of the d bond, and
the concomitant correlation of the d and d* orbitals. In addition,
the weakly p-donating Cl- ligands can donate into the vacant
d* orbital, increasing its occupancy. The values of the effective
bond orders (Table 4) suggest that the metal–metal bond is slightly
stronger in the Re–Re case than in the Tc–Tc case.

Conclusions
The single-crystal X-ray structure of carmine-red [Tc2 Br8 ]2- has
been determined almost three decades after the original report
of its synthesis.26 The compound (n-Bu4 N)2 [Tc2 Br8 ] was prepared
by dissolving (n-Bu4 N)2 [Tc2 Cl8 ] in aqueous acetone–HBr. The
crystals that initially precipitate from solution contain acetone,
which is quickly lost upon drying in air. Rapid mounting and
cooling of the transparent red crystals obtained from the mother
liquor enabled a successful data collection and structure determination on the crystalline solvate, (n-Bu4 N)2 [Tc2 Br8 ]·4[(CH3 )2 CO].
The structure of [Tc2 Br8 ]2- was previously determined via EXAFS
methods on an acetone free sample of (n-Bu4 N)2 [Tc2 Br8 ] and it is
gratifying that the two methods give essentially identical results for
the quadruply bonded anion.6 Other multiply bonded technetium
complexes, including the two remaining members of the [Tc2 X8 ]2series (X = F, I), are under investigation by the collaborative team
and will be reported in due course.
The molecular and electronic structures of four group 7
dinuclear [M2 X8 ]2- (M = Re, Tc; X = Cl, Br) complexes have
been investigated by multi-conﬁgurational quantum chemical
methods. The calculated ground state geometries are in very
good agreement with the experimentally determined values. The
calculated transition energies of the d → d* (1 A2u ← 1 A1g )
excitations are all higher than the measured values by ~1000 cm-1
(VQZP basis set), but the trend in the experimental values is
mimicked by the calculations. The interplay between experiment
and theory will be exploited in future papers in this series.
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