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Highly Oxidizing Excited States of Re and Tc Complexes

Andrew S. Del Negro,™ Carl J. Seliskar,* Willi

am R. Heineman,* Sean E. Hightower,$

Samuel A. Bryan,*t and B. Patrick Sullivan*$
Pacific Northwest National Laboratory, Richland, Washington 99352 pélsity of Cincinnati,

Cincinnati, Ohio 45221, and Upersity of

Wyoming, Laramie, Wyoming 82071

Received October 4, 2006; E-mail: sam.bryan@pnl.gov; bpat@uwyo.ed

The newly observed ligand-to-metal charge transfer (LMCT)
excited-state of [Tc(dmpgf*™ (dmpe is bis-1,2-(dimethylphosphi-
no)ethane) is fluorescent in solution at room temperature, as is its
Re analogué.Of significance to transition metal photochemistry,
we have discovered that both [M(dmglé}" species have extremely
oxidizing excited-state potentials (ESP#)e highest for any simple
coordination complex of a transition metal. Furthermore, this
potential is available using a photon of visible light. Luminescent
Tc complexes have fundamental significance since direct compari-
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sons of rate constants of radiationless and radiative processes Caljgure 1. Absorption and emission spectra of [M(dmg&) in CHsCN

be made with their Mn and Re analog@igsoviding invaluable
information for understanding the nature of excited-state potential

surfaces and their associated reaction channels. Further practicaie

applications of luminescent Tc complexes include the spectroelec-
trochemical detection in biological fluids (e.g., during drug therapy)
and in the environmerit.

Recently we have embarked on a program to discover and
characterize luminescent Tc complexes by examining known

emission behavior of [Tc(dmpg}* in relation to that previously
reported for [Re(dmpeg]?*.3

The complex [Tc(dmpg)?" was prepared as previously de-
scribed and isolated as the purple triflate or hexafluorophosphate
salt. In CHCN solution, the lowest energy absorption maximum
occurs at 585 nme(= 1850 M 'cm™1) as compared to the Re
analogue at 528 nme(= 2110 Micm™1) (Figure 1). The Tc
complex emits at 660 nm with a lifetime of 8 ns compared to the
Re complex at 600 nm with a lifetime of 14 hslhe quantum
yields are 0.023 and 0.066, respectively. Of particular note is that
the excited state is not affected by the presence of air. The principal
cause of the difference i andz between Tc and Re is expressed
principally in a larger nonradiative decay rate constant (.20
s1vs 5.2x 10’ s71), which is consistent with MP vibrations

contributing as acceptor modes, since they are the only modes which

are substantially perturbed by the change of metal ion. Attempts
to resolve vibronic structure at 77 K (in 3:1 EtOH/MeOH) resulted
only an increase in intensity and a decrease in bandwidth.
Assignment of the lowest energy transitions in both complexes
to doublet-doublet processes that involve predominantly LMCT
(dmpe-to-metal) in character is supported by unrestricted open-
shell TDDFT calculation&.This is in agreement with the conclu-
sions of Lee and Kirchhoff in their original work on [Re(dmg}é).2
Our calculations for the Tc(Re) complexes predict the transition
energies to be 2.46 eV (2.63) compared with the observed
absorption energies of 2.12 eV (2.35). As in our previous study on
trans-[O,M(L) 4] 7 complexes, the correct relative ordering of
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(red is Re and blue is Tc).

nergies is predicted. The compositions of the lowest energy
ransition for the Tc(Re) complexes are nearly identical, that is,
86% dmpe to 79.9% Tc (83.5% dmpe to 77.4% Re), which in terms
of the ligand contribution contains 52.8%(51.5%) P character. The
picture of the excited-state that emerges is one in which the metal
is near+1 in oxidation state owing to a hole on & @rbital, and
where electron density has been removed from all dmpe ligands

. ; - . . and all P atoms). An additional, intriguing feature of the calcula-
luminescence. This Communication describes the newly dlscoverede( ) guing

tions is the prediction of two extremely low-lying transitions at
about 0.3 V above the ground state that are intraifd nature,
suggesting the possibility of a competitive emission that terminates
at these higher states. Multiple exponential fitting of the emission
decays was not successful in resolving this issue, however (293 K).
The narrow bandwidths of absorption and emission coupled with
the spin-allowed nature of the transition make the estimation of
the excited-state potential (ESP) an easier task than for many
transition-metal complexes. Using the “mirror image” relationship
between absorption and emission, the determinatioBy,of can
be made more accurately than in the case of MLCT triplet emitters,
since for the latter the lowest energy singlaiplet absorption is
rarely observed without interference from the singlet manifold.
Indeed, the ESP values Bf (M2t /M*) are calculated to be 2.52-
(2.61) V (versus SCE) using the ground state potentials of 0.48 V
(Tc) and 0.40 V (Re). Previous work has identified very few highly
oxidizing excited states, among them, however, [Re(bpy){E3)
[Pt(5,6-Mephen)(dppef]",° uranyl ioni® and polyoxometalatés
such asu-HP3W1,0406H,0 are prominent (bpy is 2,2-bipyridine,
5,6-Mephen is 5,6-dimethyl-1,10-phenanthroline and dppe is bis-
1,2-(diphenylphosphino)ethane). The [M(dmy&) complexes ap-
pear to have as high or higher potentials than these, and absorb
strongly in the visible, making them suitable for solar energy
conversion to store oxidizing equivalents. As expected from such
high ESPs, quenching by aromatic hydrocarbons is observed for
both complex excited states. Figure 2a shows an example of-Stern
Volmer data for mesitylene quenching of [Tc(dmg&). Figure
2b shows our experimental estimationBf,(Re?*’/Re") using a
Rehm-Weller rate constant/driving force relationsHipglerived
from the luminescence quenching of [Re(dmj#&) by a series of
substituted aromatic hydrocarbons. The fitted line corresponds to
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8 - ; @ ®) rationalized by the photooxidation of MePTZ by [Re(dmyi)
I r - ; followed by autoxidation of [Re(dmpg) to regenerate the starting
6 ‘f p . complex.
= [ / /...f-’ < Transition-metal complexes that absorb visible photons to
=4 /" o g i produce highly oxidizing excited states are rare species but have
2: el 8 fd great potential in solar energy conversion applications. Examples
R R S S include photogeneration of molecular chlorine, or use in regenera-
0 7 i "8 tive photoelectrochemical cells where the valence band oxidation
0 002 004 006 008 -2 -1 0 of the semiconductor is utilized. Other low spih@mplexes are
(M AGlvots likely to exhibit similar behavior if the intervening low-lying excited
Figure 2. (a) Stern-Volmer quenching of [M(dmpé)*"" by mesitylene states are close in energy to the ground state so that radiationless

(®) (M = Tc, CH;CN) and 4-chlorophenol) (M = Re, H0);1%¢ (b)
Rehm-Weller plot for the SteraVolmer quenching of [Re(dmpd¥%* by
aromatic hydrocarbons in GBN solution:?° Acknowledgment. Financial support was provided by DOE

) o i o EMSP (Project No. 30948). This research was performed at the
the excited-state oxidation potential 2.58 V (SCE), which s Radiochemical Processing Lab and the Environmental Molecular
close to that calculated. Of particular note is the fact bieatzene  gciences Laboratory, a national scientific user facility sponsored
and toluene are oxidizedt is somewhat surprising that no direct by the DOE Office of Biological and Environmental Research and
evidence for the Marcus inverted region is found given the presumed |gcated at Pacific Northwest National Laboratory (PNNL). PNNL

lack of large reorganizational energies for the quenchers and thejg operated by Battelle for DOE under Contract DE-ACO5-
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(dmpe}]?*" quenching reaction in as much detail, the Steviolmer

derived quenching rate constant for toluene, mesitylene and anisole  SUPPOrting Information Available: DFT/TDDFT calculations for
are 3.0x 1CF, 7.6 x 1(%, and 1.9x 101 M-1sL, respectively the complexes and complete ref 6 are provided. This material is

which compares with 8.6 10F, 8.1 x 10%, and 1.3x 101 M~1s-1 available free of charge via the Internet at http://pubs.acs.org.

for the Re complex. The quenching rate constants for the former gatarences
two are consistent with the slightly lower ESP of the Tc complex.

decay rate constants are minimized.
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