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Multiple Ligand-Based Emissions from a Platinum(ll) Terpyridine Complex Attached to Pyrene
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The Pt(trpy)Ct (trpy = 2,2:6',2"'-terpyridine) complex has
long been of interest in regard to binding studies with biological
macromolecule:® Despite the existence of a low-lying metal-
to-ligand charge-transfer (MLCT) absorption, the complex is
virtually nonluminescent in fluid solutiohpne possible explana-
tion being facile deactivation via a thermally accessibtedd

excited state. However, recent studies have shown that complexes

of the type Pt(4X-T)CI*, where 4-X-T denotes a 4substituted
trpy derivative and X is an electron-donating substituent like the
dimethylamino group (NMg, can have a triplet emission with a
lifetime on the order of a microsecond in room-temperature
dichloromethane (DCMjIn such systems the emitting state takes
on intraligand charge-transfer (ILCT) character and the emission

lifetime increases even as the excited state shifts to lower energy.

The present studies of a series 6fA-T derivatives, where Ar

denotes an aryl substituent, demonstrate how one can prepare

systems that have even longer excited-state lifetimes. With pyrene
as a substituent, the ILCT character of the absorption become
dominant, the lifetime extends to &4, and emission from a short-
lived singlet {ILCT) state becomes quite prominent.

The electronic absorption spectra include a series of intraligand
m—s* transitions below 350 nm and CT absorptions at longer
wavelengths. In the compounds of interest Ar ranges from phenyl
(Ph) to p-methoxyphenyl (pMeOPh) to 1-pyrenyl (Pyre); see
Figure 1 and Table 1 for spectra datRespite the fact that the
reduction potentials of the complexes are all very similar (Table
1), the CT absorption energies and intensities vary widely. The
aryl substituent can influence the dipole length of the CT
transition?® and the Ar— trpy CT character of the transition
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gFigure 1. Spectral data in dichloromethane at 293 K showing the

absorbance of [Pt(4Ph-T)CI}" (A), [Pt(4-pMeOPh-T)CI} (B, thick
curve), and [Pt(4Pyre-T)CI}t (C) and the emission of the'-Pyre-T
complex in air (D) and under N(E). The excitation wavelength was
480 nm in each case.

becomes increasingly important as the reduction potential of the
substituent couple (ArH% drops from 2.30 V (benzene) to 1.76
V10 (anisole) to 1.16 V (pyrene).

The aryl substituents have even greater effects on the emission.
Thus, even though the nonemissive trpy complex has a higher
energy MLCT state, the PtPh-T)CI* complex exhibits a
structured emission in DCM solution with a lifetime of 85 ns.
Due in significant part to thélLCT character of their emitting
states, the Pt(9MeOPh-T)CI and Pt(4-Pyre-T)CIF complexes
exhibit progressively lower energy emissions with even longer
lifetimes (Table 1). Thus, the longest wavelength emission comes
from the 4-Pyre-T complex, which exhibits an emission maxi-
mum at 685 nm in DCM along with a shoulder at around 640
nm (Figure 1). The introduction of ILCT character also accounts
for a systematic moderation of exciplex quenching because the
excited state is less susceptible to adduct formation with Lewis
bases! The Pt(4-Ph-T)CIF complex is at one extreme where the
quenching of the emission is complete in butyronitrile, while in
the case of the photoexcited-Byre-T complex, the basicity of
the solvent is of little consequence, and the excited-state lifetime
is 18 us in butyronitrile.

The quenching results with dioxygen are even more striking
for the 4-Pyre-T complex. The key observation is that dioxygen
preferentially quenches the emission intensity at 685 nm while
the signal at 640 nm persists. Moreover, under aerobic conditions,
it is possible to measure two emission lifetimes in the nanosecond
regime. In accordance with the steady-state emission spectrum,
time-resolved emission measurements reveal that the major
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Table 1. Physical Data for [Pt(4X-T)CI]* Systems in Solution at 293 K

emission data(two solvents)

- — £ d
absorbande dichloromethane butyronitrile DMF
complex Amax, NM Amax® NM rus 106 A N V vs FHo
[Pt(trpy)CIT* 305, 320, 340, 388, 405 —1.24 (70, 1.1)
[Pt(4-Ph-T)CI}" 310, 323, 336, 390sh, 414 (7100) 535, 570sh, 608sh 0.085 2.1 —1.23(80, 1.2)

[538, 572sh, 610sh]
[Pt(4-pMeOPh-T)CIF  303sh, 322, 337, 366, 403sh, 426 (16150) 560, 590sh, 650sh 5.2 46 555, 585sh  —1.26 (90, 1)
[562, 600sh, 670sh]
[Pt(4-Pyre-T)CI}* 310sh, 328sh, 340, 387, 405, 476 (8910) ~640sh, 685 [700] 64 34 672 —1.22 (70, 1.2)

a Estimated errors in lifetimer] and quantum yield¢) are +10%. Deoxygenated solutioAMolar absorptivity (Mt cm1) in parentheses.
Solvent DCM.¢ Maxima from corrected spectra in bracket&errocene reference&, —E, . peak-to-peak separation in mV aindl, current ratio
in parentheses.
component ha a 1 nslifetime and an emission maximum at Scheme 1
around 640 nm. On the other hand, with a CCD detector, one YILCT/MLCT)
can still observe the signal with a maximum at 685 nm, though A
the lifetime has dropped to 910 ns. Both signals originate from Kyt
the complex because the excitation spectrum matches the absorp- b
tion spectrum of Pt(4Pyre-T)CI" with or without the presence i
of dioxygen. Except for changes in intensity, the emission
spectrum does not depend on concentratiord@uM in DCM).
The radiative rate constant associated with the long-lived (685 'k, = 1x10°s™ *k, ~ 5x10% s
nm) emission is about 530" 5and is more than an order of <
magnitude smaller than that expected for typ#alLCT emission
(for Pt(4-Ph-T)CI" k. = 2.6 x 10* s™%). In contrast, with an
emission yield on the order of 1®in an aerated solution, the
640 nm component exhibits a radiative rate constant of ca. 10
s™L. This value agrees with those of tHeCT emissions reported ~ excitation, the emitting states undoubtedly have an admixture of
by Pilato and co-worker&,and a similar assignment applies here. MLCT character as indicated in Scheme 1. Indeed, d-orbital

The temperature dependence of the luminescence confirms thaparticipation is necessary to explain the emission yield of the 685
two distinct excited states contribute to the emission. Thus, in hm component because the radiative process would be strongly
the absense of dioxygen the intensity at the 685 nm maximum spin-forbidden in a pure intraligand triplet stafe.
increasedut the intensity of the high-energy shouldiecreases In summary, these results demonstrate the ease with which one
at progressively lower temperatures. These results indicate thatcan alter the orbital parentage of the lowest energy excited state
there is an equilibrium involving two excited states and that the of the platinum(ll) terpyridine system. By a simple change of a
shoulder arises from the thermal population of the higher lying substituent, it is possible to adjust the energy and the intensity of
of the two emitting states. Examination of the spectra in Figure the absorbance and at the same time tune the energy, lifetime,
1 strongly suggests that the latter component stems frofLt&d emission yield, and reactivity of the luminescent excited state
state!® Since the singlettriplet splitting is relatively small for over a wide range.

CT states, the 685 nm component logically corresponds to the
associatedILCT state; however, pyrene itself has a low-lying
37— state at about this enerdg$The simplest three-state model

*(ILCT/r-*/MLCT)
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from the 4-Pyre-T complex primarily represents intraligand
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