JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Equilibration between Three Different Excited States
in a Bichromophoric Copper(l) Polypyridine Complex
Yoann Leydet, Dario M. Bassani, Gediminas Jonusauskas, and Nathan D. McClenaghan

J. Am. Chem. Soc., 2007, 129 (28), 8688-8689+ DOI: 10.1021/ja072335n « Publication Date (Web): 22 June 2007
Downloaded from http://pubs.acs.org on February 16, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 5 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja072335n

JIAIC[S

COMMUNICATIONS

Published on Web 06/22/2007

Equilibration between Three Different Excited States in a Bichromophoric
Copper(l) Polypyridine Complex
Yoann Leydet," Dario M. Bassani,” Gediminas Jonusauskas,* and Nathan D. McClenaghan**

Groupe Nanostructures Organiques, Institut des Science$sdMialiees, Unversity of Bordeaux 1/CNRS,
UMR 5255, 33405 Talence cedex, France, and Centre de PhysiqueWaie Optique et Hertzienne,
University of Bordeaux/CNRS, UMR 5798, 33405 Talence cedex, France

Received April 3, 2007; E-mail: n.mc-clenaghan@ism.u-bordeaux1.fr

The efficient management of energy following light absorption R!
is of utmost importance in natural photosynthetic assemblies as well R Z | 1:R=R'=-CH,
as in artificial systems. Small supramolecular inorganic systems = Ny . O
have proven successful in absorbing light energy and transferring =N 2:R=-CH;R = {(CH,), O
it to a specific site, while reversible energy transfer processes in = r' N i . -
ruthenium(ll) and osmium(ll) polypyridine complexes have been R X O =Cu

reported to temporarily stock energy and prolong excited-state
lifetimes1~3 We recently showed the intervention of reversible
intramolecular energy transfer processes in enhancing the efficiency

of phc_)tom_duced charge separation in ruc_il_mentary dE\ﬁWh'_le nated by a band showing vibronic fine structure characteristic of
coordination complexes based on transition metals and bidentate

e anthracenell , transition), while MLCT absorption of the inorganic
polypyridine ligands, notably [Ru(bpg}* complexes (bpy= 2,2- moiety dominates the visible spectral region. A slight decrease in

bipyridi_ne),ftypidc_ally preser;_t dgsirable redlox an% Iumcjnescence the intensity of the MLCT absorption band of [@)]* with respect
properties for diverse applications, complexes based on moréy, [Cu(@),]" is consistent with the more encumbered primary

abun_dant, less expensive copper(l) (for example, lﬁll*( 1 = coordination sphere on introducing the anthracene @nits.
2,9-d|5methyl-1,10-phenar1throhne) have grgat potential for improve- Steady-state emission spectra of [Qd[* and [Cug);]* in
ment= Recent EHOT‘S to improve the luminescence pfOpeft'es of degassed dichloromethane solution at room temperature show
Cu(l)—phenanthroline complexes have largely been confined to characteristic!MLCT fluorescence Ams = 710 and 712 nm,

ste;nc ﬁpngestlon and “g'd'f'ﬁat'on, around .thz metal cemﬁt;. . respectively) with similar quantum yieldg{ = 0.04%), regardless
n this paper, we report the unique excited-state equilibration ¢ o citation wavelength (see Figure S2). The similarity of the

E_et;/lveen ”r‘]re‘? differentl excite::i states i+n_ aF§tructljlraIth_smele quantum yields suggests that the slightly thermodynamically
ichromophoric copper(l) complex (ICZ)]™ in Figure 1) whic favorable photoinduced electron transfer reaction from Cu(l) to

constitutes anew S”ateQY to gre atly prolong Iuminescence "fetimes anthracene is inefficient (perhaps for kinetic reasons) and that
of copper complexes. This e_xmted-state behaw_or was mduced_m aanthracene-to-copper phenanthroline energy transfer (both singlet
plar_lned fashion due to the mterplay of three_dﬁferenF _close-lylng_ and triplet) is essentially quantitativédowever, the much greater

excited states. The three intervening lowest-lying quaS|-|soenerget|coxygen sensitivity of the anthracene-appended complex with respect

. . ;
exckllted states (?r?@twhﬁg_r” ) dStl{Ij\l/lti CI:(_Jrcallzed (I)n t?e 3ppen(:]ed to the parent compound in air-equilibrated solution suggests that
anthracene and t an states localized on the o o cited-state lifetime is extended and thus more susceptible to

central coppef phenanthroline unit, with the latter being responsible . 1acular quenching process. Emission of B¢ at low

for the emission. . temperature (77 K) results exclusively from the lowest-lying
The lowest-lying®™LCT andMLCT excited states are thermally anthracene triplet state (14 450 cinsee Figure S3

accessible from one another in copper(l) complexes based on ligands Ultrafast transient absorption spectroscopy was employed to

suc_f; ? S 2,9-d|methyl-l,lO-phenant_hrollﬂJ;aNhereAE = ca. 1800 follow the evolution of the excited complexes. Following excitation

cm- L7 Elaborating the complex with an appended chromophore of the MLCT band of [Cuf);]* at 400 nm, the FranckCondon

presenting a sulfficiently long-lived triplet excited state of similar excited state rapidly populates the lowest-lyigLCT state

energy was antic_ip_e}ted t_o introduce an ideal _third ?XCit_Ed stgte in Relatively slow intersystem crossing (15 ps), determined via time-

terms of compatibility with @ process of equilibration involving o.¢5\ e flyorescence and transient absorption spectroscopy, sub-

three qtl)liferent |soeqetrget|c texcned SFateSI'S'é conzjt)tlr)atloh IOI fast, sequently populates th#LCT state in agreement with recent
reversible processesntersystem crossing (ISC) and tripiettiple reports (see Figure S4%:13 In the case of [CW®),]", sequential

energy transfer (EET)was envisaged to_c_)ffer_an 0 pportunity to processes of intersystem crossing (15 ps) and trijfgdlet energy
study a process of double dynamic equilibration in a remarkably transfer preside, as shown in Figure 2. Fast energy transfer is

S'Tple complex. fani dimethvl I h . denoted by the grow-in of the characteristic anthracene-TT,
ncorporation of an inert dimethylene spacer allows the constitu- transition at 430 nm with a rate common with the decay of the

ent chromophores in [CR),] " to retain their individual character- MLCT state (60 ps}*5Following these processes, the spectrum

|st|cs,t§T| shown byt.the ﬁlegtr%nlcl ar:)sorptl(;]n Spethra’ t‘,Nh'Ch 'S shows almost exclusive localization of excitation energy on the
essentially a summation of individual chromophore absorptions (Seeanthracene subunit in the equilibrated system.

Supporting Information, Figure S1). The near-UV region is domi- Nanosecond flash photolysis (Figure S5) shows that the absorp-

Tlnstitut des Sciences Matelaires, University of Bordeaux. tion .S|gnature for the anthracene t”.plet State' in @l '§
*Centre de Physique Maalaire Optique et Hertzienne, University of Bordeaux.  persistent = 1.2 us), and that energy is predominantly localized

Figure 1. Complexes [CuU);]PFs and [CuR),]PFs. (Only one of two
possible enantiomers of [C)¢]PFs is shown.)
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Figure 2. Transient absorption spectrum showing the approach to excited-

state equilibrium via intersystem crossing (ISC) and triplet energy transfer
(EET) following excitation at 400 nm. MLCT absorption is observed

between 500 and 620 nm. Changes between 580 and 620 nm are indicativ

of ISC. Anthracene triplet-based absorption is seen at 430 nm.
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Figure 3. Jablonski diagram showing pertinent low-lying excited states
and notably the interaction of the three lowest-lying excited stakes;
keet > kr > kpy, kp2 AE; = ca. 1800 cm?;” AE, = ca. 430 cm®.15

on the anthracene unit. This temporarily stored energy is funneled
back to the emissive copper-containing unit. The similar quantum
yields of [Cu(),]" and [Cu@),]* show that this process is highly
efficient and highlights the role of the anthracene unit as an energy
reservoir.

Time-resolved emission (Figure S6) further supports the idea of
an excited-state equilibration, where energy is stocked on the

anthracene and subsequently relayed to the emissive copper unit.

Indeed, the MLCT emission has a luminescence lifetime of$,2
which corresponds to the rate of disparition of the anthracene triplet,
and is ca. 15 times longer than the parent complex IBH( (7 =

70 ns). This represents the longest luminescence lifetime observed

for a simple copper phenanthroline complex of this type. The strat-
egy of introducing multiple isoenergetic excited states with different
de-excitation kinetics represents an alternative and potentially
complementary approach to improving the luminescence properties
of copper phenanthroline complexes, which typically repose upon
steric ligand confinement of the first coordination sphfere.
Pertinent photophysical events, with kinetic and energetic
parameters consistent with the implementation of an excited-state

equilibration between three excited states, are shown in the Jablonski

diagram in Figure 3. In summary, following visible light absorption
an ultrarapid relaxation {100 fs) is followed by intersystem
crossing (15 ps) and fast triptetriplet energy transfer (60 ps), with
the two latter processes being reversible due to the proximity of
the excited states. The de-excitation of the equilibrated system can
now be described by eq 1.

TlMLCT T3MLCT T

1

S )

ko= a( M)

wherea, 5, andy represent the fractional concentrationt®fLCT,
SMLCT, and3(z—x*) states at equilibrium, respectively, and+-
p + v =1.In this casey > q, .

In conclusion, we have shown that a double dynamic equilibra-
tion involving three energetically close-lying excited states (of type
IMLCT, 3MLCT, and¥(z—x*)) in anthracene-appended [Q)f]*
governs the observed photophysical parameters, most notably the
excited-state lifetime, which is qualitatively predictable. Energy is
temporarily stored on an organic auxiliary before being relayed with
>90% efficiency to the emissive center. In principle, this strategy
can be readily applied in the design of novel supramolecular systems
for applications as sensors, artificial light-harvesting antenna
systems, and charge separation devices.
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