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Among the Au(l) compounds that show photoluminescence are
those that exhibit planar three-coordination around the gold atom.
In fact, the common two-coordinate Apit. complexes display gold-
based luminescence whauarophilicinteraction (i.e., gold(h-gold-

(I) bonding interaction) with other Auit units is present in the
molecule, which leads to a decrease in the HOMQMO gap.
Moreover, three-coordinate Au(l) complexes in which an additional
Au---Au interaction appears are also long-lived emitters. This result
is to some extent intriguing since luminescence is usually absent
for AuL4* complexes.In this regard, Che and co-workers reported
experimental studies for the dinuclear diphosphine complex-[Au
(dmpm}](ClOy4)2 (dmpm = bis(dimethylposphine)methane) sug-
gesting that the intrinsic visible emission for this complex derives
from monomer-like planar three-coordinéif{de—yz, dg) = P) Figure 1. Crystal structure of complek Selected bond lengths [A]: Au

.excited' state that is only weakly perturbed by the —Aw Au' 3.0320(4), Au-Sh(1) 2.6048(5), AtrSb(2) 2.6137(5), AuSh(3)
interaction? Also, Omary and co-workers showed through DFT 2.6173(5) A, Sb(1}Au—Sh(2) 119.100(16), Sb(:)Au—Sh(3) 121.294-

calculations that the major excited-state distortion in luminescent (15), Sb(2)-Au—Sh(3) 118.043(16)

mononuclear [Au(PB] " complexes is a JahnTeller symmetry iy as in other dinuclear gold(l) compounds, compleshows

change as opposed to a AR bond distance shortenifig. an intramolecular Au-Au contact of 3.0320(4) A, longer than those
We wondered whether this Jahiieller excited-state distortion  j\carved in the trigonal-planar complex APhPRC—=CHa} » (S-

would occur in dinuclear three-coordinate Au(l) complexes in both CNEb)]* (2.902 A¥ and similar to the intermolecular AtAu

metal centers, or instead, a.dec.rease of the Aui dist.ance would distance found in dinuclear derivatives of the type [AuX@]
be produced as observed in dinuclear two-coordinate complexes(P_P: diphosphine, Y= Cl, 1, SCN) (2.951-3.062 Af that show

of the type [AQ_(diphosphineQ]Zﬁ ) ] _a square-planar environment for the gold(l) atoms including the
The use of bidentate Sb donor ligands represents an interesting ... Ay interaction.

challenge since AuSb complexes are very scarce (only the cation Complex displays very intense luminescence at room temper-
b . . )
[Au(SbPh)4]* with three different counteranions is structurally o4 \a in solid state (excitation 369, emission 672 nm) and in

characterized), and, on the other hand, it has a high Coordin""tiondegassed acetonitrile (excitation 369, emission 667 nm) and at 77

number for the Au(l) center, which, in principle, would facilitate i, 5ojid state (excitation 370, emission 698 nm). The absorption
the synthesis of three-coordinate complekeBhus, we have  gnecira in 5x 10 M acetonitrile solution shows a shoulder at

prepared the complex [A{(PhSb)O};](ClOy4), 1 t_)y reaction 360 nm ¢ = 2570 M~* cm3), which is assigned to th¥(d_2,
betweer_l the Au(l) precursor [Au(taliCIO.) a_nd the "ga”‘i("hr dy) — p,) transition? The other dipole-allowed spirorbit com-
Sb)O} in a 2:3 molar ratio (see Supporting Information). The  ,nents are probably masked by intense intraligand bands between
crysta! structure ol Wa§ determlned.by X-ray dn‘frac.tlon stud|e§ 250 and 350 nm. Its lifetime in the microsecond range £&Pis
from single crystals obtained by layering diethyl ether into a solution characteristic of the expected phosphorescent process. Similar

of complex1 in THF. The cation (see Figure 1) shows two gold  ,qqianments have been reported for dinuclear and mononuclear

centers in a trigonal-planar environmeBgsp—Au—Sb= 358.45) three-coordinate gold(l) complex&3.The Stokes’ shift (around
formed by three antimony atoms of three bridgif(@hSb)0} 12 200 cntl) is larger than typical values of 10 000 chreported

ligands? The Au-Sb bon_d distances, which range from 2‘6(_)48(5) by Gray and Facklérfor mononuclear derivatives and similar to
to 2.6173(5) A, are slightly shorter than those found in the . reported by CHefor the dinuclear three-coordinated gold(l)
tetracoordinate [Au(SbRR]*A~ (A = CIO; (2.658-2.657 A);2 complex [Au(dmpm}](ClOy4),, which suggests a very important
[Au{ CeHa(NO,)s} 2] (2.647-2.655 AY) as expected for a lower isiortion of the complex in the excited state.

coordination number. Nevertht_ales_s, in the derivative with 1 ationalize the intrinsic photophysical properties of f{@h-
[Au(CeFs)z]~ as anion, th_e range is wider (2.588.669 A) The Sb)0} 3]%", we carried out correlated MP2 calculations to study
Sb-O bonds show typical distances of 1.953t2)969(4) A. the geometries for the ground and first triplet excited states that

are expected to be responsible for its luminescence.

ZHE:xggﬁgadgige;ﬁg}’ai' First, we fully optimized the model system [Au(SHE* A in
§ Universidad de Zaragoza-CSIC. the ground Cs, symmetry) and first triplet (no symmetry constrains)
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Figure 2. Optimized model systemB and C for the ground and the

out the analysis for the model system A(PhSb)0};]%" C
(Figure 2) that represents exactly the cationic part of comflex
Assuming that the optical properties of this complex are intrinsic
to the [AwL3]?>" unit? we could derive that the results obtained
for modelC would be the closest to the experimental ones. In this
case, the hybrid quantum mechanical/molecular mechanical (QM/
MM) ONIOM methodology was employed (see Supporting Infor-
mation for details). The obtained structural parameters for model
C in the ground state are in agreement with the experimental ones,
with the obtained Att-Au distance of 3.14 A being slightly longer
than the experimental one of 3.03 A, probably due to the inclusion
of the Ph rings in the model system. Regarding the fully optimized
first triplet excited state for modé€l, we obtained results analogous
to those in modeB. Thus, the structure of the phosphorescent state
for modelC also displays a JahtiTeller distortion for just one of

the gold(l) centers, while the other one remains in a trigonal-planar
environment. Moreover, the AtAu distance shortening for the

phosphorescent (triplet) excited states. Corrected excitation (369 nm) andtriplet state is also observed, with that for mo@ebeing slightly

emission (672 nm) fot in solid state at room temperature and absorption
spectrum forl in 5 x 1074 M in CH3CN.

excited state at the MP2 level of theory. In it, the optimized ground
state for modelA displays a trigonal-planar environment for the
Au(l) center; full optimization of the first triplet excited state dis-
plays a JahnrTeller distortion that leads to StFAu—Sb angles of
148.8 and 105.1 for the phosphorescent excited state but similar

Au—Sb distances (2.63 and 2.68 A) if compared to the ground state

(2.64 A). Therefore, the JahTeller distortion observed for modal

is similar to the one reported by Omary et al. for trigonal-planar
mononuclear [Au(PRs]™ compounds, for which the degenerate
HOMO orbital, which displays a predominant (Au,gd5de-?)

character in the ground state, suffers a degeneracy rupture in the

first triplet excited state as a consequence of the Jdletler
distortion.

A further question is if the presence of two trigonal-planar Au-
(I) units placed at armurophilic interaction distance would give
rise to a different distortion for the first triplet excited state for
complex 1, since both a JahnTeller distortion and a AtAu
distance shortening could be expected to play a role on this. To
account for all the possibilities, we performed full optimization for
the ground state and first triplet excited state for model system
[Au2{ (H2Sbh)0}5]2" B (D3 symmetry) (Figure 2), built up from
the X-ray diffraction data and substituting the phenyl rings with H
atoms to keep the computational cost feasible. At the MP2
correlated level of theory, we obtain an optimized structure in

shorter (0.05 A) than the one observed for maBdD.15 A), but
the Jahrn-Teller distortion is larger focC.

The theoretical emission maximum as the difference between
the excited- and ground-state energies, calculated at the excited-
state equilibrium geometry, is 752 nm (experimental at 672 nm),
displaying a good agreement. Moreover, the Jaheller distortion
is slightly influenced by the medium and temperature, as observed
for the experimental emission energies.

In summary, these results illustrate that the main distortion for
the phosphorescent excited state of complexrises from a
surprising Jahr Teller distortion for only one of the gold(l) centers
together with a moderate AtAu distance shortening going further
than the previously reported results. Therefore, our study proposes
the mechanism of distortion for the phosphorescent excited state
for complex 1, which could be extrapolated to other dinuclear
trigonal-planar & metal complexe&.Studies on ligand variations
are now in progress.
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