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Recent interest in luminescent metal complexes has been driven
by possible applications in OLED display technology as dopant
emitters-2 in solar photoconversion chemistry as chromophéres,
and in sensor development for luminescence deteétioRoten-
tially attractive in this regard are polynuclear Au(l) complexes that
possess intense, long-lived luminescence in the solid state at ambient

= ¥
temperatures with emission energies spanning the visible spectum. Auf\__ )
Different excited-state assigments have been made for these systems vy AN
including metal-centered or cluster-based (M&¥% 14 ligand-to- = @agt
metal charge transfer (LMCT§;*>¢and intraligand (IL), with Figure 1. (Left) Perspective view of the cationic part bf (Right) View

aggregation through aurophilic interactidh® thought to play a of the dimerization of AwAg(us-O)(PPhpy)s?* clusters through aurophilic
key role in producing the emissive state. In these studies, however,interactions.

systematic variation of an isolated electronic property without £

simultaneous alteration of another propertg. (isteric or structural) e AU~ PPh—I 2+

has generally not been done. The present study reports a new serie V; - ‘1 ?

of isostructural, brilliantly luminescent gotesilver complexes Ph,P " ==

having a group-16-bridging atom in which the emission energy ‘Ag—\~N >\Fl
changes strikingly from blue to yellow to orange in going from O N PPh; (BF.4),
to S to Se. While emission properties of Au(l) sulfide and selenide \

polynuclear complexes have been described previd@sglyis is R \

the first report of luminescence from a gold(l) oxo system. —

The new complexes have the general formulaj[AgE)Ag- R
(PPhpy)s](BF4), where E= O, S, Se and PRBpy = diphenylphos-
phine-2-pyridine. Complex (E = O) is synthesized directly by
the reaction of AuCI(PPRIpy) with excess AgO and NaBE in wet
acetone at ambient temperature (see Supporting Information).
Complex1 can also be prepared in two steps from AuCI(Rih
and AgO with intermediate isolation of [Alus-O)(PPhpy)s]™*
(analogous to [Ag(us-O)(PPh)s]* originally reported by Nes-
meyano¥Y). Syntheses of the sulfide compl@xand the selenide
complex3 follow similar reaction paths from AuCI(PRby) + Li.E
but proceed in two steps with intermediate isolation of(tE)-
(PPhpy), (E = S, Se) followed by reaction with a stoichiometric
amount of AuCI(PP#py) and two equivalents of AgBFANn attempt
to prepare the analogous Te complex by reaction of;(#gO)-
(PPhpy)s] ™ with Te=P(i-Pr), however, led to the formation of an
unstable and uncharacterized product. ForES, a derivative
having a methyl substituent on the pyridyl ring, [£us-S)Ag(PPh-
4-Mepy)](BF4)2 (4), has also been prepared, structurally character-
ized and spectroscopically studied (see Supporting Information).

X-ray single-crystal structure analyses reveal that complexes
1-4, while not isomorphous, are isostructurd@ énd 3 are
isomorphous¥! A perspective view of the cation dfis shown in
Figure 1. The structural core is a #4ag tetrahedron with an oxygen

o
oD

@
?FII ]
III

=

NS
AT S
mmmm

0o
(23732
o

1l

atom functioning as as-ligand capping the three gold atoms. Each
gold(l)---silver(l) edge is bridged by one PRy ligand with the P
atom attached to Au(l) and the pyridyl N atom coordinated to Ag-
(I). All of the metal ions are linked by metallophilic interactions
as well as by bridging ligands. Fdr the Au--Au contacts lie in
the range of 2.9489(3)3.0644(4) A, whereas f@—4 the respective
ranges are 3.0661(38.2096(3) A, 3.1175(4)3.2667(4) A, and
3.1150(3)-3.4616(3) A (the differences, while small, are statisti-
cally significant). The Ag-Au contacts inl (2.8985(5)-2.9690-
(5) A) are similar in size to those found in complexes with
appreciable metallophilic bonding, as for example, the sandwich
silver(l) cluster [Ad Auz(bzim)s}2]BF,4 in which the silver(l) ion
has metallophilic contacts with six gold atofs he triply bridging
group-16 atoms exhibit £Au bond lengths (2.053(4)2.092(4)
Afor 1, 2.333(2)-2.337(1) A for2, 2.4355(6)-2.4502(6) A for3,
and 2.333(2)2.337(1) A for4) that are similar to values fqrs-
bridges reported previousfy.25

Aurophilic interactions also link two AJAg tetrahedra together
(see Figure 1) with a AuAu distance of 3.0539 (3) A fat. Both
2 and 3 exhibit similar linking of [Auw(us-E)Ag(PPhpy)s]?*
moieties, whereas the corresponding links fbare somewhat
longer: 3.4616(3) A. The metallophilic interactions and the bridging

T University of Rochester. ; i ; ;
* Instituto de Ciencia de Materiales de Afag@niversidad de Zaragoza-C.S.I.C. PPhpy ligands confer Qreater structural rigidity and |ntegr|t.y to
§ Eastman Kodak Company. 1-4 as compared to trinuclear [Afus-E)(PRy)s]" complexes in
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Figure 2. (a) Photo of solid-state emissions from compoutés!, from
left to right (365 nm excitation). (b) Normalized emission spectra of
compoundsl—4 at ambient tmperature in the solid state.

which the phosphine ligands coordinate as terminal ligands
only.23-25 The PPhpy ligands thus play a key role in assembling
and buttressing the AAg tetrahedra, a notion that has been utilized
previously in synthesizing [Rus-E)x(PPhpy)sAg(dppm)](PF).
from the reaction of [B{u-E)(PPhpy)d (E = S, Se) with [Ag-
(dppm}(MeCN)](PFe)2.2°

A distinctive feature of complexels-4 is their room-temperature
solid-state luminescence, which fbr2, and4 is extremely bright.
As shown in Figure 2, complexds-3 exhibit a large variation in
Aem™ as a function of theis-E capping ligand with values of 466,
554, and 670 nm for E O, S, Se, respectively. At 77 K, the solid-
state emission maxima shift to 482, 565, and 696 nm, respectively.
For 1, the bright-blue emission shows single-exponential behavior
with lifetimes of 7 and 49us at 295 and 77 K, respectively,
indicating that the emission is phosphorescence. Corresponding
room temperature and 77 K excited-state lifetimes Zare 3.5
and 5.8us, respectively, while foB the respective values are 1.6
and 23.4us. The effect of methyl substituent in going frahio 4
is to increase the emission energy with a decreade,iff*in the
solid from 554 to 534 nm.

The nature of the emission far4 can be assigned on the basis

of the luminescence data outlined above and literature reports. The

emission forl is found at significantly higher energy than that of
2, which in turn occurs at higher energy than that frénThe large
change iMe"® betweerll, 2, and3 clearly indicates involvement

of the group-16 capping atom in the excited state. Based on the
fact that lone pair orbitals lie lowest in O, next in S, and highest in

the solid-state emission df could be either LMMCT or metal-
centered cluster-based emission.

The brightness of the solid-state emissionsXo? and4 make
these systems of interest for possible application as dopant emitters
in OLED displays and the variation df.,"® for 1—4 suggests
ways of systematically tuning the excited states of these (
EAuU3M)2™ heterobimetallic clusters through capping atom, bridging
phosphine, and M variation.
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