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Phosphorescent metal complexes have led to a quantum leap in *
the technology of molecular light emitting diodes (MOLEDSs) owing *ﬁ‘
el

to the unity upper limit of the internal electroluminescence quantum

efficiency in triplet emitters versus 0.25 for most singlet emitters. a
While spin—orbit coupling can enhance even organic-centered , €
phosphorescence via a heavy atom effengtal-centered emissions 5

f”‘re par.tlcularly favorable because of the_ Fﬂrect influence of the metal Figure 1. DFT-optimized structures for theoSmgIet ground state (left)
in mak_lng_ the phosphorescence transitions more allowed and thegng the T lowest triplet excited state (right) of Au(PRECI.

triplet lifetimes shorte?. An attractive class of phosphors that are o

known to exhibit bright metal-centered emissions is represented 7able 1. Coordination Geometry of Au(PPh3).Cl

by Au(l) complexes' In particular, three-coordinate Au(l) mono- method  state alk bIA oA aldeg  pldeg  yldeg

nuclear and .multinuclear compleges exhibit Au-centered phospho- So 2452 2454 2673 1024 1035 154.1
rescence with large Stokes’ shifts. Recent theoretical work Il Sy 2332 2378 2538 1000 1169 1432
suggests that the distortion in the phosphorescent statationic expt $ 2317 2336 2533 1091 1148 1357
Au(PRs)st trigonal complexes is a JahiTeller distortiontoward | Ti 2836 2843 2614 83.6 847 1918

a T-shapé.Hence, we are currently pursuing the idea of whether I Ti 2484 2486 2481 893 902 1917

a systematic variation of the steric bulk in three-coordingfe d
complexes will result in an efficient tuning of the phosphorescence
energies and lifetimes. The particular complexes examined here
areneutral Au(PRs).X complexes (X= halide), which should allow

for variation of both the halide and phosphine and also for the
sublimation of the small molecules into thin films. Despite
significant advances made in the area of phosphorescent MOLEDs,
efforts by multiple groups continue to fabricate devices with an
improved combination of properties that include brightness, charge
transport properties, excited-state lifetime, long-term stability, and
chromaticity! Stable blue emitters are particularly sought after. We
show here that such phosphors can be designed by an intuitive
control of the steric bulk in Au(PEX complexes.

Quantum mechanical calculations were performed on the full
molecular structure of Au(PBRCI. A general description of the
methodology is given beloW?, while details are available in the
Supporting Information. Figure 1 and Table 1 illustrate the
calculated structures for the singlet ground statg &hd lowest
triplet excited state (1. The calculated structures fop @re in
reasonable agreement with the known crystal structure of AyfRPPh
CI.1° Method 11 that includes augmented basis ¥egives better
results than the more common treatment in Method I. Figure 1
shows that, upon photoexcitation, the Au(B)z0I molecule distorts
beyonda T-shape with ay angle > 180 predicted by both
computational methods. In comparison, the correspondingu>-P
angle in the lowest triplet of [Au(PRJ]* was reported as 150.8 240 280 320 360 400 440 430 520 560 600 640 630 720
. . L Wavelength, nm
in ref 8. The greater distortion in the neutral Au(BREI complex ) ) ] )
is facilitated by the presence of two instead of three bulky ’S:t’g;geaf 77P Eoto'”m'”escence spectra of AU complexes in the solid
phosphines. The calculated excited-state structure also entails
elongation of the Au-P bonds without dissociation, while the Au compounds were synthesized following literature proced@ités
Cl bond is essentially unchanged. and characterized by standard analytical methods (see Supporting

We have used the theoretical predictions as a guide to examinelnformation). Figure 2 shows the photoluminescence spectra of the
experimentally whether the luminescence energy can be tuned byfour compounds in the solid state at 77 K. The complexes are also
varying the steric bulk of the halide and phosphine. The compounds brightly luminescent at room temperature with the emission bands
examined here are Au(PR¥CI, Au(PPh).Br, Au(PPh).l, and Au- exhibiting thermal broadening. All emission bands have microsec-
(TPA),CI, where TPA= 1,3,5-triaza-7-phosphaadamantane. The ond lifetimes, suggesting phosphorescence, with values increasing

Excitation spectra AU(PPh ;) X
e
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203.5° first example of a two-coordinate Au(l) complex that is luminescent

L jﬁiﬁ _:-’62& W despite the absence of both AtAu interactions and aromatic

A N— e ‘-E" :f'_ moieties, the presence of which can yield Au-centered and ligand-

- i T centered emissions, respectivéowever, the compound is two-

, coordinate only in the ground state, while the observation of
h UI |"’ v luminescence concomitant with the computational data suggests that

i - the chloride becomes a ligand in the excited state, leading to a three-
£ "ﬁ"_‘bz'z?‘lé = coordinate exciplex. The huge Stokes’ shiftl@ 000 cnl) and
i, . F the rather broad unstructured emission profile are consistent with

the dramatic geometrical change in the excited state suggested in
Figure 3. Exciplex formation with a counterion is not unique for
Figure 3. Calculated structure of the, Btate (top) versus the experimental Au(l_) complexes, as a Sir_n”ar ?Xplanation Was_ given by Che et al.
crystal structure (bottom) of [Au(TPAJCI, suggesting exciplex formation. in dinuclear Comp|eXeS in which the counterions are often even
further from the Au center than the situation hé&td.ikewise,
precedents of startling basicity or nucleophilicity upon photo-
excitation leading to excited-state ligation are also known, most
notably by Gafney et al. forédmine complexed#

In conclusion, the work here illustrates the feasibility of
systematic tuning of the emission color by controlling the steric
bulk in three-coordinate excited states of Au(l) complexes. MOLED
applications are being pursued based on these findings because of
desired emission properties that include brightness, stability, and
phosphorescence with short triplet lifetimes.

@s2244

upon cooling t increased between 19 27, 12— 19, 6.7— 11,
and 9.1— 18 us upon cooling Au(PP.Cl, Au(PPh),Br, Au-
(PPh).l, and Au(TPA})CI, respectively, between 296~ 77 K;
errors< 1 us).

The data illustrate a visible luminescence color change from
yellow — green— blue on varying the halide from Ct Br — |
in the Au(PPB),X series. The excitation features shown in Figure
2 are significantly red-shifted from the major absorption bands,
suggesting direct S— T; excitation, with energies that do not
change significantly on ligand variation. These trends are consistent Acknowledgment. Partial support by the Welch Foundation
with the distortion beyond a T-shape in the lowest phosphorescent(Grant B-1542) and NSF (CAREER Awards CHE-0349313 and
state predicted computationally, as increasing the steric bulk of the CHE-0239555) is acknowledged. Computational resources were
halogen is expected to impede such a large molecular motion. Asprovided by NSF-CRIF (CHE-0342824) and the National Com-
a result, the departure from the ground-state geometry becomesputational Science Alliance under CHE010021, which utilized the
less significant in the luminescent triplet, and consequently, the NCSA IBM p690. Additional support was provided by the
phosphorescence energy shifts to the blue. In contrast, the decreas&niversity of North Texas Academic Computing Services.

in the phosphine cone angle on proceeding from the bulky RPh Supporting Information Available: Detailed descriptions of the

the unencgmbered TPA while keeping the halide cons.tar.n &) experimental and computational methods and data. This material is
should facilitate the distortion and thus lead to a red shift in the 4 5iaple free of charge via the Internet at http:/pubs.acs.org.

phosphorescence energy. This contention is borne out by the
detection of orange phosphorescence in solid Au(LEA)How- References
ever, the reported structure of this compound shows a two- (1) Review: Yersin, HTop. Curr. Chem2004 241, 1.

coordinate linear complex and an uncoordinated chloride as a (2) Recent examples: (a) Omary, M. A.; Kassab, R. M.; Haneline, M. R.;
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