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The synthesis, structural characterization, photoluminescence
properties, and density functional theory analysis of three Pt(Il)
diimine complexes, Pt(dbbpy)(C=CR), [dbbpy = 4,4'-di(tert-butyl-
2,2'-bipyridine; R = —SiMe;, —C=C—SiMe;, or —tBu], are
presented. The Pt(dbbpy)(C=C-Bu), complex serves as a carbon-
based ligand structure for which the photophysical properties of
the two silicon-bearing complexes are compared in dichloro-
methane. Pt(dbbpy)(C=C—SiMe;), and Pt(dbbpy)(C=C—C=C—
SiMes), display visible absorptions with strong green emission
(Aemmax = 526 and 524 nm, respectively) while Pt(dbbpy)(C=C—
t-Bu), displays efficient, long-lived yellow emission (Aemmax = 557
nm). Direct side by side comparisons of Pt(dbbpy)(C=C—SiMe3),
and Pt(dbbpy)(C=C—t-Bu), suggest that the difference in excited
state energy results from the relative o-donor strength of the
acetylide ligands.

Significant recent research activity has focused on Pt(ll)

excited state lifetimes. Several reports have also shown that
MLCT excitation in these compounds can internally ef-
ficiently sensitize low energy triplet states on appended
arylacetylide subunits, some of which are phosphorescent
at room temperatureX! One group has already demonstrated
the viability of constructing solid state electroluminescent
(EL) materials from this class of compourfd#\ recent
account described some interesting photophysical observa-
tions in [Pt(tpy)(acetylide)] systems3 This report showed
that the introduction of an alkylacetylide ligand increases
the oxidation potential of the PPtenter relative to structures
bearing a phenylacetylide subunit by 400 mV, thereby
increasing the MLCT energy gap. This is undoubtedly a
result of decreaseg-donor strength as demonstrated in other
organometallic systeni41>We postulated whether a similar
effect would be observed in 'Ptbis(acetylide) struc-
tures where twoo-donor ligands are fused to the metal
center'®

Interested in the electronic factors that may ultimately lead

diimine bis(arylacetylide) complexes possessing low energy to efficient and energetic luminophores and EL dye dopants,

metal-to-ligand charge transfer (MLCT) excited stdtés.

we decided to prepare three related Pt(dbbpsgQR).

In many cases, these chromophores yield relatively high structures, where R= SiMe; (1), —C=C—SiMe; (2), and
guantum yield photoluminescence with corresponding long —t-Bu (3). Note that while the synthesis and structural
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characterization of has already been report&dts photo-
physical properties have not. On the basis of relative
differences iro-donor strength, we believed the introduction
of two silylacetylide subunits would serve to increase the
MLCT energy gap (relative to using aryl- or alkylacetylides
with the same diimine ligand), thereby rendering higher
energy emission. Consistent with this design criterion, the
relativeo-donor strength of-Bu acetylide is approximately
the same as that of phenylacetylité® and the resulting
absorption/emission properties are similaBiand Pt(dbbpy)-
(C=CPh)}.#0Our experiments demonstrate that the weaker
o-donating silylacetylide subunits produce Ptbbpy com-
plexes { and2) with green MLCT-based emission.
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COMMUNICATION

Compoundd —3 were prepared by reaction of Pt(dbbpy)-
Cl, with the appropriate terminal acetylenic precursor in,CH 1.0
Cly/diisopropylamine in the presence of a Cul catalyst.
Following alumina chromatography, these compounds were
structurally characterized withH and 3C NMR, mass
spectrometry, and FT-IR. These complexes are air-stable
solids and are readily soluble in relatively nonpolar organic
solvents such as Gil, and toluene. Due to their two atom
(Sivs C) structural difference, direct comparisons will largely
be made between complex&ésand3 in the running text.

Cyclic voltammetry data were obtained in degassed-CH
Cl,/0.15 M TBAPF; solutions using a Pt working electrode 0.2+
(200 mV/s). Complexes and3 display irreversible metal-
based oxidations and reversible dbbpy-ligand based reduc- 4,
tions. The metal-based oxidations occur at peak potentials
of +1.54 and +1.35 V versus Ag/AgCl inl and 3,
respectively. As observed in other relatet] tstems’;® the
metal-centered processes are influenced by the electronic | ® » —1
properties of the acetylide ligands. In this case, the 190 mV 20 "GN -2
difference is likely attributed to the greateidonating ability ] ] k
of thet-Bu-acetylide. Reversible one electron dbbpy-centered
reductions inl and 3 occur at—1.41 and—1.49 V versus
Ag/AQCI, respectively. In all 3 molecules, this reduction
exhibits nearly identical peak currentgffpc ~ 1.0) and peak-
to-peak splittings of~120 mV. These observations are
consistent with that measured for the internal ferrocene
standard. Since these potentials are clearly distinct, it appears
that the relative acetylide-donor strength also influences 0.2
redox chemistry on the remote dbbpy ligand. The differences
in the electrochemical energy gaps between compodnds
and3is 0.11+ 0.02 eV, yielding a rough estimate of that B P
expected for the optical charge transfer transitions. Wavelength, nm

Figure 1 presents the gbsorpnon _an_d phOtOIUmmescenceFigure 1. The absorption (a) and photoluminescence (b) spectia-8f
spectra ofLl—3 measured in freshly distilled GEI.. All of in CH,Cl. The emission spectra were obtained using385nm excitation.
the measured and calculated photophysical parameters are o Hotooh ! and Red e Pl n

; ; ; Table 1. Photophysical and Redox Properties of the Platinum(ll
contamgd in Table 1. The Iowegt energy features in the Complexes in ChCl, at Room Temperature
absorption spectra df—3 are consistent with Pt> dbbpy U ke K AGe® Eus PEPLS

_tn-li it _ abs' PLs T, ) r ES 12 f
me'FaI to-ligand charge transfer (MLCT) transitions _by com am nm @b ns 1651 1001 eV v oV
parison to other related complexes and the negative solva

. X . o 1 387 526 013 236 55 37 2.68-141 1.27

tochromic behavior of the absorption barfds®In CH.Cl,, > 383 524 020 370 54 22  268-128 140
the MLCT transitions are significantly blue-shifted in the 3 403 557 048 1060 45 049 252-149 1.03
two sﬂy]acetyhde bea“ng complexei and 2)' The peak a Absorption and emission maxima2 nm.? PL quantum yields and
separations observed betwednand 3 (0.12 eV) are intensity decays#10%.¢k. = ®/r. dky = (1 — ®)/z. Excited state

consistent with differences observed in the electrochemistry €nergies 4Ges) were estimated5%) by drawing a tangent on the high
. ts. imolving that th t iti indeed ch energy side of the emission baridrirst reduction potential measured in
experiments, Implying that these transitions are INdeed Charge, 15y TBAPR/CH,CI, versus Ag/AgCI referencet20 mV. 9 Calculated

transfer based. excited state reduction potentials (vs Ag/AgCl),"(FRt) = (Pt!/Pt) +
Kohn—Sham density functional theory (DFT) calculations ACes

were employed to investigate the nature of the low-lying both the metal d and the acetylenicorbitals. In contrast,
excited electronic states in these complexes. In Pt(bpy)-the lowest unoccupied molecular orbitals were almost
(C=C—TMS), and Pt(bpy)(&C—t-Bu), (1 and 3 without completely localized on the bpy ligand. Time-dependent DFT
the t-Bu groups on the bpy ligand), the highest occupied calculations describe the lowest excited state in both
orbitals were found to contain substantial contributions from complexes as primarily HOM©S> LUMO in nature and are
therefore consistent with an MLCT assignment. The energies
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The photoluminescence (PL) spectralef3 are broad,
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has been observed in related Pt(diiminexCAr), systems,

and each respective excitation spectrum can be superimposedhere Ar= Ph or substituted phen$f:®2 The calculated
with its corresponding absorption spectrum from 330 to 500 values ofk, andk,, in all three instances are also consistent
nm, see Supporting Information. The emission energies in with emission from a lowest MLCT excited state. The excited

CH,ClI; follow the order2 (524 nm)> 1 (526 nm)> 3 (557
nm). The most notable result is thhats blue-shifted fron8
by 31 nm (0.13 eV), illustrative of significant electronic
differences imparted by TMSacetylide and-Bu—acetylide.
On the basis of the expected similarities #donor
strengtht”*8the absorption and PL propertieslofind2 are
quantitatively similar.

Complexedl and2 are high quantum yield green emitters
in CH,Cl,, @ = 0.13 and 0.20, respectively, whiis an
exceptionally strong yellow emitter witkdb = 0.48. The
quantum yields were determined by comparisod ahd?2
to fluorescein in 0.1 M NaOH® = 0.95)"° and by reference
of 3 to [Ru(bpy}]?" in CH;CN (® = 0.062)?° Compounds

1 and 2 represent two of the highest energy emitters that
have been reported to date in this particular class of

chromophores! Interesting to note is that the emission
profiles of 1 and2 almost completely envelop the spectrum
of Ir(ppy)s [ppy = 2-phenylpyridine] in CHCI,,?>?3 see

Supporting Information. In essence, these compounds provide

viable alternatives for green color-matched triplet state
emitters for potential applications in EL and light-emitting
electrochemical cell (LEC) device configuratidgt®:?* The
excited state lifetimes of—3 measured in degassed &H

state reduction potentials (PPt) compiled in Table 1 reveal
that the compounds in the present study are good photo-
oxidants, potentially useful for driving excited state electron
transfer processés:” As the metal-based oxidations were
irreversible, we did not calculate excited state oxidation
potentials.

The present study explored the viability of generating
higher energy MLCT-based emission irf Btimine chromo-
phores through the use of “weaker-donor acetylide
ligands. The use of acetylides bearing terminal TMS groups
successfully yielded compounds4dnd?2) with strong green
MLCT based PL whose emission profiles are nearly identical
to that of Ir(ppy}. A thorough photophysical and electro-
chemical examination revealed that the relativelonor
strength revealed itself in both the metal-based oxidation in
addition to the remote diimine ligand-based reduction. The
excited state reduction potentialslof 3 are in a range where
they could be quite useful in photoinduced electron transfer
chemistry. DFT calculations were able to predict the relative
energy positions and separationslimnd 3. This suggests
that future application of such calculations may prove useful
toward the design of structures with predetermined photo-

Cl, are 236, 370, and 1060 ns, respectively. These lifetimes Physical properties. Proper variation of diimine ligand along
were measured with a broadbang-pumped dye laser.{ with selected acetylide subunits may prove useful in the
= 390 nm, 500 ps fwhm) and are completely independent struggle to obtain red, green, and blue structurally compatible
of monitoring wavelength over each emission envelope. The triplet emitters that are stable for solution and solid state
PL intensity decay transients were all adequately fit to single- electrooptical applications. Although there have not been any
exponential functions, and the lifetimes are consistent with Specific reports on TGA or DSC analysis of Pt(diimine)-
an MLCT excited state assignment. Interesting to note is that(C=CR), complexes, studies on related systems have
the complex with the smallest energy gap possesses thelemonstrated that vacuum deposition of related complexes
longest lifetime and highest quantum yield in £Hp. Taking into various EL device configurations have realized suc-
into account the luminescence quantum yields and lifetimes, cess?>26 Further studies are clearly necessary to test the
k- and k,, were calculated for each complex, Table 1. The sublimability of Pt(diimine)(&CR), complexes for solid
relative values of both rate constants show that radiative state multilayer EL device configurations.

decay effectively competes with nonradiative decay in all 3

molecules, most impressively B This is similar to what Acknowledgment. This work was supported by the NSF
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