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Luminescentπ-conjugated polymers have received attention
owing to their potential for application in organic light-emitting
diodes.1-4 Considerable work has been carried out on all
organic polymers; however, less attention has been given to
π-conjugated polymers that incorporate a transition metal
complex chromophore into the polymer backbone.5 This is
surprising given that charge transfer excited states of d6 transition
metal complexes have been studied extensively owing to their
unique properties which include tunable excited state energies,
moderately efficient luminescence, and diverse excited state
redox reactivity.6

We have initiated an effort to synthesize and characterize the
excited state properties of soluble,π-conjugated polymers
comprising the aryleneethynylene architecture which incorporate
d6 transition metals chelated to a 2,2′-bipyridyl site that is
integral to theπ-conjugated system. The present communication
describes our initial findings on a series of polymers that contain
the fac-(bpy)ReI(CO)3Cl (bpy ) 2,2′-bipyridyl) chromophore.
The Re(I) chromophore was selected because it features a well-
defined Ref bpy metal to ligand charge transfer (MLCT)
excited state that is long-lived, luminescent, and redox active.7

PolymersA-D were synthesized from1, 2, and3 via Pd-
mediated cross coupling (Scheme 1).3,8-10 A-D vary in the
mole ratio of1 to 2 used in the coupling reaction mixtures,
which ranged from 0:1 (A) to 1:1 (D).8 FTIR spectra ofB, C,
andD confirm that the (bpy)ReI(CO)3Cl unit is incorporated
into the polymers by the appearance of the a′(1), a′′, and a′(2)
carbonyl bands at 2024, 1930, and 1907 cm-1, respectively.11

Quantitative analysis using the 2024 cm-1 IR absorption band
indicates that the mole fraction of (bpy)ReI(CO)3Cl containing

repeat units (øRe) is 0.13, 0.25, and 0.33 inB, C, and D,
respectively, in reasonable accord with the stoichiometry used
in the polymerization reactions.10

Absorption spectra ofA-D (Figure 1A) feature a strong band
with λmax≈ 398 nm which is assigned to theπ,π* transition of
the polymer backbone.3,4 The presence of the (bpy)ReI(CO)3-
Cl unit in B-D is manifest by the appearance of a broad
absorption band withλmax ≈ 460 nm, the intensity of which
increases (relative to theπ,π* transition) with øRe. The long-
wavelength absorption in the Re-containing polymers is very
likely due to the dπ (Re)f π* (poly) MLCT transition, where
π* (poly) refers to the lowest unoccupiedπ* level of the
polymer backbone. The delocalized nature of theπ* (poly)
acceptor orbital in the polymers is evident by the significant
red shift of the dπ (Re)f π* (poly) transition relative to the
position of the dπ (Re)f π* (bpy) MLCT transition in model
complex4 (λmax≈ 407 nm).12

Excitation of THF solutions ofA-D at 298 K into theπ,π*
transition produces an intense emission atλmax) 435 nm (2.85
eV). This emission is similar to that observed from related
aryleneethynylene polymers and, on that basis it is assigned to
the 1π,π* fluorescence of the polymer backbone.3,4 The
quantum yield and lifetime of the fluorescence decrease with
increasingøRe, indicating that the metal chromophore quenches
the1π,π* state (A, Φfl ) 0.28,〈τ〉 ) 1.1 ns;B, Φfl ) 0.16,〈τ〉
) 0.71 ns;C, Φfl ) 0.11,〈τ〉 ) 0.44 ns;D, Φfl ) 0.073,〈τ〉 )
0.37 ns).13 The parallel decrease inΦfl and〈τ〉 with increasing
øRe is consistent with a model in which the diffusing1π,π*
exciton is dynamically quenched by (bpy)ReI(CO)3Cl traps.
However, quenching of the1π,π* fluorescence is inefficient even
when øRe is large, suggesting that intrachain diffusion of the
1π,π* exciton is slow compared to its lifetime and/or that
trapping of the exciton by Re(I) sites is nonadiabatic.
Emission spectroscopy carried out at 80 K in 2-MTHF glasses

provides additional information concerning the excited state
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(13) The fluorescence decays of the polymer solutions required two or
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properties of the Re-containing polymers. First,A exhibits only
1π,π* fluorescence at 80 K. By contrast, in addition to the
fluorescence, polymersB, C, andD exhibit two other emission
bands at lower energy. One of the low-energy emissions is a
sharp band atλmax) 643 nm (E) 1.92 eV, fwhm≈ 400 cm-1),
and the other is a broad band with onset at 625 nm and with
λmax ≈ 700 nm (1.98 eV> E > 1.77 eV). The intensity of
these bands relative to the1π,π* fluorescence increases along
the seriesB < C < D, suggesting that the luminescence is
associated with the presence of the metal complex sites. We
assign the sharp 1.92 eV emission to phosphorescence from the
3π,π* state14-17 and the broad luminescence band to the dπ (Re)
f π* (poly) MLCT state. Excitation spectra obtained while
monitoring the 700 nm band assigned to the MLCT state
establish that excitation of the1π,π* state produces the long-
wavelength emission, confirming that1π,π* f MLCT energy
transfer occurs.
Nanosecond laser flash photolysis was used to probe the long-

lived excited states produced by excitation ofA-D and model
complex4 at 298 K in fluid solution. First, 355 nm excitation
of polymer A in degassed solution produces a long-lived
transient (τ ) 4 µs) characterized by bleaching of theπ,π*

absorption and a broad absorption band that extends from the
mid-visible into the near-IR (Figure 1B). The transient is
quenched by O2 (kq ≈ 109 M-1 s-1), and on that basis it is
assigned to the3π,π* state of the polymer backbone.18 Polymers
B-D display a similar transient absorption for the3π,π* state,
but in addition, these materials feature a short-lived transient
absorption with an intensity that increases withøRe. Figure 1C
illustrates the time-resolved spectrum of polymerC, which is
representative for the Re-containing polymers. At early times
the spectrum features bleaching of both theπ,π* and dπ (Re)
f π* (poly) absorptions along with enhanced absorption in the
500-700 nm region. The early time spectrum evolves (τ )
100 ns) into the spectrum of the3π,π* state (τ ) 7 µs). The
short-lived transient absorption in the spectrum of polymerC
is assigned to the dπ (Re) f π* (poly) MLCT state, an
assignment which is supported by the observation of a very
similar excited state difference absorption spectrum for model
complex 4. Quantitative transient absorption experiments
indicate that the yield of the long-lived3π,π* state decreases
along the seriesA > B > C > D.10 Interestingly, the relative
decrease in the yield of the3π,π* state along the series closely
parallels the relative decreases inΦfl and 〈τ〉.10 This cor-
respondence indicates that the decreasing yield of the3π,π* state
with increasingøRe is due to quenching of1π,π* by the metal
complex and that MLCTf 3π,π* energy transfer does not
occur.17

The Re-containing polymers display photophysical properties
characteristic of the two chromophoric units comprising the
structure. The unusual feature is that the two chromophores
appear not to be strongly coupled. Thus, although energy
transfer occurs from1π,π* to the dπ (Re)f π* (poly) MLCT
state, the latter does not sensitize formation of the3π,π* exciton.
Furthermore,1π,π* f MLCT energy transfer occurs with
modest efficiency even whenøRe is large. One explanation for
the weak communication between the two chromophoric units
may be that the copolymers consist of blocks comprising mainly
1 and3 and blocks comprising mainly2 and3. An alternative
possibility is that the unusual photophysics arise because energy
transfer between theπ,π* excitons and the metal-localized
MLCT states is inefficient. Fo¨rster dipole-dipole energy
transfer from 1π,π* to MLCT may be inefficient because
intrachain migration of the1π,π* exciton is slow compared to
its lifetime and/or because the transition dipoles for the1π,π*
and MLCT states are exactly perpendicular. Inefficient energy
transfer between the3π,π* exciton and the MLCT manifold is
likely due to the fact that that the two excited states are close
in energy. Slow internal conversion between intraligand3π,π*
and MLCT states has been reported to occur in polypyridyl d6

metal complexes when the intraligand and MLCT states are
nearly degenerate.19
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Figure 1. (A) Absorption spectra of polymersA-D in THF solution.
The spectra are plotted normalized to the concentration of the repeat
units in the polymers. Concentrations were determined using the
weighted average molecular mass of the two repeat units in each sample.
(B) Transient absorption difference spectrum ofA in THF solution at
delay times ranging from 20 to 500 ns following a 355 nm excitation
pulse. (C) Transient absorption difference spectrum ofC in THF
solution at delay times ranging from 20 to 500 ns following a 355 nm
excitation pulse. Arrows indicate the direction of the change in
absorption with time.
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