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In the last years the attractions between closed-shell species havescheme 1. Synthesis of [AuzTl2(CeCls)a]-(CH3).C=0 1
provoked theoretical controversy and experimental evidence of such 2 [Au(C¢Cls),]

attractions has largely been obsentékthus, many compounds of N —— 3 [Au, Tl,(C4Cls),](CH;),C=0

this type have been described as species displaying gold(l)-gold- (CH;),C=0

() interactions Aurophilicity)? or heterometallic assemblies with 2TI 1

a large variety of structural dispositions, such as discrete molecules,

extended linear chains of monbei-,* tri® or tetra-nucledrunits The crystal structufé@ of complex 1 is shown in Figure 1. It

or even sheets or three-dimensional netwérkgvertheless, as far ~ consists of a tetranuclear unit where the metals are held together
as we know no unsupported butterfly disposition built through through four unsupported Adl interactions and an additional FI
interactions between closed-shell metal ions has been reported,T! interaction resulting in a loosely bound butterfly cluster. The
although this is a very common structural arrangement in clusters Au—T! distances are within the range 3.0331(6)-3.1887(6) A, the
with formal meta-metal bonds. shortest ones similar to the sum of thallium and gold metallic radii

In this paper we report the synthesis of a loosely bound butterfly (3-034 A}* and to those observed, for example, in the extended
cluster of alternating gold and thallium centers in which the thallium Unsupported AuTl linear chain [TI(OPP[Au(CsFs);]* (3.0358-
atoms are in an unusually low coordination mode. In addition, the (8) and 3.0868(8) A). The thallium atoms are in close proximity
interacting thallium centers are likely to be responsible for the Showing a THTlinteraction with a distance of 3.6027(6) A, similar
optical properties in solid state and even in solution. to the intramolecular HTI distances observed in [TISNEg],!2

The synthetic strategies to synthesize unsupported gold-hetero(3.60 and 3.62 A), but longer than some of the distances found in
metal complexes are mainly twai) encapsulation of heterometal ~ TI[C(SiMes)s]** (3.322(1)-3.638(1) A) or in some amide deriva-
ions by trigonal gold(l) complexes (metallocryptarfdsind b) tives'4 within the range from 3.403(3)-3.837(3) A. In this context,
reactions between acid heterometal complexes and basic goldit IS worth noting that the closest metahetal distances in
precursors which lead to supramolecular assemblies formed via®-thallium are 3.408 and 3.457 &.The gold centers are almost
acid-basic stackings: linearly coordinated with the pentachlorophenyl groups with-@u

Together with these comments and using the latter strategy, wedistances within the range 2.058(10)-2.073(9) A. The thallium atoms
recently reported the synthesis of Au(l)-Ag(l) and Au(l)-TI(l) based show weak interactions with the oxygen atom of an acetone
molecules by reaction of gold(l) complexes of the type Q[AuUR
(Q = Li, NBuy; R = CgFs, CsCls) with silver(l) or thallium(l) salts.

In the former the reaction gave rise to a polymeric chain of
tetranuclear goldsilver units linked by short gotdgold inter-
actions? In the latter the presence of ligands such as phosphine
oxides$ or amine$ led to either a polymeric chain or to two- or
three-dimensional structures depending on the ligand and on the
perhalophenyl group attached to gold.

We have now extended these results to study the reaction between
the gold(l) and thallium(l) precursors in the absence of ligands
different than the solvent.

The yellow complex [AuTlx(CsCls)s]*(CH3),C=0 (1) was
readily prepared by reaction of an acetone solution containing 1
equivalent of colorless [NB{[Au(C¢Cls),] with 1 equivalent of
TIPFs (Scheme 1¥.The IR spectrum shows the absorptions due to
the GCls groups bonded to the gold(l) atom at 618 and 840%tm
as well as a strong absorption at 1677 énassigned to the
stretchingv(C=0) vibration in the acetone molecule which is 4

shifted to low energy if compared with the free molecule (1716 Figure 1. Molecular structure of complek. Selected distinces (A): Au-
cm ) (1)-TI(1) 3.033(6), Au(1y-TI(2) 3.188(6), Au(2)>-TI(1) 3.1164(6), Au-

: (2)—TI(2) 3.0733(5), TI(1)-TI(2) 3.6027(6), Au(1)}-C(1) 2.058(10), Au(Ly
*To whom correspondence should be addressed. E-mail: alaguna@ C(11) 2.062(9), Au(2)yC(21) 2.061(9), Au(2)C(31) 2.073(9), TI(1}O(1)
posta.unizar.es. 2.968(9), TI(2y-0O(1) 2.903(9).
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molecule displaying FO distances of 2.968(9) and 2.903(9) A.
These distances are longer than those foundrans,trans,trans
[PtTIx(CeFs)(C=C'Bu),](acetoney} ,1¢ where the acetone mol-
ecules are very weakly bonded to thallium (2.83(2) A) and clearly
longer than the sum of the covalent radii (2.21 A) or the-Q@l
distance observed in [TI(OPBK[AU(CeFs)2)° (2.483(3) and 2.550-
(4) A). Finally, each metallic center shows four metal-chlorine
contacts within the range 3.284(3)-3.406(3) A for gold or 3.297-
(3)-3.492(3) A for thallium that contribute to the stabilization of
the structure.

Complex1 luminesces both at room temperature (exc. at 400

lytes. The interpretation of these results based on luminescence and
conductivity measurements suggest a thalkitthmallium interaction
exists in solution which is probably stabilized by solvent molecules.
Theoretical calculations previously reported on th#ffcompound
at a SCFCI level led to the conclusion that attractive interactions
between the molecules through metaietal contacts are weak;
lower than 20 kdmol~1.1° Abundant evidence exists for attractions
between monovalent thallium atoms like, for instance, those in the
[(C5s(CH,CgHs)s) Tl] 2 dimer2° nevertheless, as far as we know, this
kind of interaction in solution has not been reported.

Future ligand variations and theorethical studies of the systemati-

nm, em. at 556 nm) and at 77K (exc. at 420 nm, em. at 556 nm) cally modified butterfly core could be useful to assign the excited-
in solid state showing an interesting independence of the temper-state properties, as well as to know the nature of the FKIl)
ature, probably due to the environmental rigidity. Neither the gold- interactions in these systems.

() nor the thallium(l) precursor complexes are luminescent at  Acknowledgment. This work was supported by the Spanish
similar energies suggesting that the emission is a result of the DGI (BQU2001-2409) and the University of La Rioja (API-01/
interactions between the metals. The lifetime measurement within B14). We thank Dr. P. Puyuelo for helpful discussions.

the microsecond time scale;(= 2 us; 72 = 0.7 us) seems to Supporting Information Available: X-ray crystallographic files
indicate that the emission is probably phosphorescence. In thisfor 1 (CIF). Details of the packing of the molecular units in the cell,
context, it is worth noting that the other pentahalophenyl gold intermolecular distances, luminescence spectizanfd TD-DFT results
thallium chains also show luminescence, but shorter lifetimes and (PDF). This material is available free of charge via the Internet at http://

a strong dependence on the temperatdre.

In addition, and very interestingly, the luminescent behavior
observed for this complex in solution also differs from that of the
previously reported gotdthallium chains and it is closer to that of
the metallocryptands reported by Catalano keeping the structure in
solution® Thus, while the extended linear chains lose their emissive
properties in solution at room temperature, comgdléxluminescent

and shows a solvent dependence on the emission. For instance,

acetone, tetrahydrofurane and acetonitrile solutiorissbfows emis-
sion bands at 566 nm (exc. 356 nmy),=€ 427 ns), 528 nm (exc.
358 nm), ¢ = 236 ns) and 539 nm (exc. 346 nm},<€ 173 ns),

respectively. These values are close in energy to the emission ob- 1 )
s (6) Ferradez, E. J.; Gimeno, M. C.; Laguna, A.; hez-de-Luzuriaga, J. M.;

served in the solid state, suggesting that the same excited state i
found both in solution as in the solid state. The longer value of the
lifetime in acetone solution is indicative of a more lasting emitting
excited state of the molecule in the presence of this donor solvent.
In this context, TD-DFT calculations carried out for the simplified
model system [Agll,(CgHs)4] (See Supporting Information) show
that the orbital from which the emission is produced is almost

completely based on both thallium atoms. These results seem to

indicate that the dinuclear thallium(l) unit present in solid state is

likely to be responsible for this luminescence, which in the case of
the solution is perturbed by the presence of solvent molecules with
donor capabilities. Unfortunately, compléxis not soluble in the

most common noncoordinating solvents such as toluene, benzene,

chloroform, etc. that would allow us to confirm this fact.

In the gas phase, under mass spectrometry conditions (FAB
(Fast Atom Bombardment), a peakratz = 1103 (25%) assigned
to [AuTIy(CeCls)o] T is detected.

Finally, despite the structural similarity of this tetranuclear unit
with the gold-silver system reported by @san increase in the
concentration of the sample does not produce shifts in the excitation
or emission bands, implying that the aggregation process in fluid
solution through goletgold interactions is not produced in this
complex and that those interactions are not responsible for the
optical properties.

On the other hand, equivalent conductivity measurements of this
complex in acetonitrile over the 16-10"2 mol/L range show a
value of A = 1100 from the Onsager equatiohd= A,-Ac'?)(A,
= 127; R = 0.992) characteristic of a 2:1 electrolyfe'® This
result again differs from the polymeric chains repoédyhich
show equivalent conductivity measurements typical of 1:1 electro-
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