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Luminescence is a prominent property of Au(l) compounds in
the solid state, as well as in rigid media at low temperatures. For
these systems, understanding their emission and tuning their excited-

state properties are essential for their eventual use as luminescent 1
sensors and dopant emitters in OLED applicatibrisThe lumi-

nescent state in Au(l) dimers and in aggregated structures exhibiting J
aurophilic interactions has generally been assigned to the metal-

centered (MC)3(dzo* — p,o) state in close parallel with that
attributed to Pt(Il), Rh(1), and Ir(l) @isquare planar complexést!
As a consequence of aurophilic interactions, Au(l) dimers are ofteN Figure 1. Perspective view of A S;P(OMe)},. Selected interatomic
found to have solid-state structural arrangements possessing onedistances (A) and angles (deg): Autdu(2), 3.0940(10); Au(LrAu(l)-
dimensional Aw-Au chains, but the luminescence from these #1, 3.1758(13); Au(2yAu(2)#2, 3.1786(14); S(2)Au(1)—S(1), 173.16-

systems often shows a poor correlation betwagrand intra- and ~ (16); S(4)-Au(2)~S(3), 173.34(19); Au(2yAu(1)—Au(1)#1, 171.39(4);

. . s - Au(1)—Au(2)—Au(2)#2, 159.66(5). Designations #1 and #2 correspond to
9

intermolecular A Al_J separ§t|0n§. Within the last five years,a o symmetry transformations4 x, 1 —y, 1 — zand 1— x, 1 — y, 2 —

number of new and interesting developments have been reported;, respectively.

including “solvo-luminescence” from solid samples of the trinuclear

complex{ Auz(u-MeN=COMe);} and reversible switching on-and- .
off of luminescence for Ay{ S;,CN(CsH11)2} 2 by exposure to volatile LA
organic vapor$?-14 Recently, Balch et al. have described a dramatic A
variation in emission color of the Au(l) diaminocarbene complex
[Au{C(NHMe)} ;](PFs) in frozen solutions of different solvent’.

In the present study, we report the structures of several Au(l) dimers L
and their luminescence properties that include multiple emissions, FooN
bright white solid-state luminescence, and, as seen for the diami- e At D e ' :
nocarbene complex, brilliant emissions of different color from O T
different frozen glasses. The multiple emitting states include both Figure 2. Emission and excitation spectra of A&P(OMe}, at 77 K
IMC and3MC states, representing the first time that the former in‘the solid state mixed with KBr: (A) emissiofiex = 365 nm; (B) 20 ns

Intensity (1)
T

~
e e e

has been identified as such, and a lower ené(§yp — Au p,0) component; (C) 2.Zs component; (D) excitatiorkem = 415 or 460 nm;
ligand-to-metal charge transfer (LMCT). (E) excitation,Aem = 565 nm.

The Au(l) complexes Ay S,P(OR}} (R = Me, Et,n-Pr,n-Bu)
are prepared by the reaction of AuCI(SHlevith stoichiometric In the solid state using pure polycrystalline samples;{&:P-

amounts of KSP(OR)+2H,0 in dichloromethane to give colorless (OMe)}, and, to a lesser extent, the Et derivative exhibit white
to pale yellow needle crystals in high yield. The resultant, luminescence which becomes brilliant at 77 K. The 298 K emission

analytically pure A S;P(OR)Y}, dimers have been characterized ~SPectrum of Al S,P(OMe)}, shows alem max of 422 nm and a

by 1H, 13C, and3P NMR and IR spectroscopies, and for the=R long emission tail extending throughout the visible region (see
Me and Et derivatives, single-crystal structure determinations have Supporting Information). The Et derivative possesses a similar
been performe#18 The structures are similar to that of thpropy! emission spectrum, while thePr cqmplex shows a b.roa.ld emission
derivative, Au{S,P(Oi-Pr)},, reported previously? Figure 1 centered at 620 nm as well as a higher energy emission at 436 nm.

shows the structure of A{S,P(OMe)}, with shorter inter- and ~ The 77 K emission spectra of the complexes reveal three bands

longer intramolecular Au-Au distances of 3.094(1) and 3.177(1) for each in different relative amounts. For A&P(OMe}}, the

A forming gold chains along the axis of the crystal and nearest Maxima are at 415, 456, and 560 nm with the first two bands more

neighbor dimers rotated by ca. 88long the Au--Au direction to intense (see Figure 2). Time-resolved measurements reveal that the

minimize nonbonding repulsions between adjacent ligands. The Et highest energy band at 415 nm has a lifetime of ca. 20 ns, whereas

derivative possesses a similar structure, albeit with variation in e second band at 456 nm possesses alietime, correspond-

the Au--Au inter- and intramolecular distances (inter: 3.162(1), ng to fluorescence and phosphorescence, respectively (Figure 2).

3.082(1) A; intra: 3.131(1), 3.102(1), 3.186(1) A). All of the Further investigation into the nature of the emission from-Au

Au---Au distances indicate substantial aurophilic interact@n& {S,P(OMe}} . probed the notion of aggregation as a contributing
factor. Samples of the complex in dichloromethane solutions of
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and emission measurement. For samples made from concentrationgtensities of emission from the two bands. Variation of emission
greater than 1.0x 1073 M, all three bands were observed in maxima withex and the corresponding variation of excitation bands
emission spectra, and the samples exhibited bright white lumines-measured at different., are consistent with different degrees of
cence, whereas for samples made from more dilute solutions, theassociation in the various glass media, leading to the observed colors
higher energy emissions were greatly attenuated, and the overallin the various glasses. Careful control of the factors determining
emission was orange (see Supporting Information). These resultsthe extent and dynamics of All, aggregation and the relative
indicate that thénigherenergy bands of AfS,P(OMe)}, have a intensity of each emission band in these Au(l) systems is a current
concentration dependence consistent with aggregate-based excitetesearch objective.
states, while the lowest energy band is dimer localized. Qualitatively
similar emission results were obtained for the Et derivative.
Assignment of the emission bands for A8,P(OMe}} . can be
made on the basis of reports for Au(l) thiolate compounds in whic
a filled nonbondig S p orbital is considered to reside energetically
between the Au gb* and po functions that are respectively filled
and vacan$23This ordering indicates that a ligand-to-metal charge
transfer (LMCT; S pr — Au po, or for an aggregated system, Supporting Information Available: X-ray crystallographic data
LMMCT?) should be expected at lower energy than the metal- in CIF format and printable tables for AUS,P(OMe}}, and Au{ S,P-
centered (MC) excited statesAel — p,o) usually invoked for (OEt)}», and analytical, spectroscopic, and photophysical data fer Au
Au(l) complexes exhibiting aurophilic interactions. On the basis {S;P(OR}}. (PDF). This material is available free of charge via the
of the lifetime measurements, we assign the higher energy emissioninternet at http://pubs.acs.org.
bands at 415 and 456 nm tMC and 3MC states, respectively,
and the broad band at 560 nm to tBEMCT state. While References
assignments of emission in Au(l) compounds have been made most (1) yam, v. W. W.; Li, C. K.; Chan, C. LAngew. Chem., Int. EA.998 37,
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