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Luminescentr-conjugated polymers have received attention
owing to their potential for application in organic light-emitting
diodes!™ Considerable work has been carried out on all

organic polymers; however, less attention has been given to
m-conjugated polymers that incorporate a transition metal

complex chromophore into the polymer backb&n&his is
surprising given that charge transfer excited state§ wadsition

metal complexes have been studied extensively owing to their

3423
Scheme 1
OR
= - - = + = = + |
\ N/\ N7 ) ‘O‘
Ré‘(cohc\ OR
1 2 3
Pd(PPhg)s/ Cul
(i-Pr)oNH / THF

N/
RelCopcl  OR

yn
R =CygHg7 A:x=0,
B:x=0.1,

C:x=025 y=0.75
D:x=05 y=05

y=1
y=09

unique properties which include tunable excited state energies, ) ) .
moderately efficient luminescence, and diverse excited state'€P€at units fre) is 0.13, 0.25, and 0.33 B, C, and D,

redox reactivity?

We have initiated an effort to synthesize and characterize the

excited state properties of solublerconjugated polymers

respectively, in reasonable accord with the stoichiometry used
in the polymerization reactioris.
Absorption spectra ohA—D (Figure 1A) feature a strong band

comprising the aryleneethynylene architecture which incorporate With 4max~ 398 nm which is assigned to thgz* transition of

dé transition metals chelated to a 2#pyridyl site that is

the polymer backbon&! The presence of the (bpy)REO)-

integral to ther-conjugated system. The present communication C! unit in B—D is manifest by the appearance of a broad
describes our initial findings on a series of polymers that contain @sorption band withimax ~ 460 nm, the intensity of which

the fac{bpy)Re(CO)CI (bpy = 2,2-bipyridyl) chromophore.

increases (relative to thes* transition) with yre The long-

The Re(l) chromophore was selected because it features a well\vavelength absorption in the Re-containing polymers is very

defined Re— bpy metal to ligand charge transfer (MLCT)
excited state that is long-lived, luminescent, and redox aétive.
PolymersA—D were synthesized fror, 2, and3 via Pd-
mediated cross coupling (Scheme3£)1° A—D vary in the
mole ratio of1 to 2 used in the coupling reaction mixtures,
which ranged from 0:14) to 1:1 0).8 FTIR spectra oB, C,
and D confirm that the (bpy)R€CO)CI unit is incorporated
into the polymers by the appearance of tha)a d', and &(2)
carbonyl bands at 2024, 1930, and 1907 ¢mespectively:!
Quantitative analysis using the 2024 thiR absorption band
indicates that the mole fraction of (bpy)ReO)%Cl containing
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(8) Subscriptsx andy in Scheme 1 reflect the mole ratios bfand 2
used in the coupling reaction mixtures.

(9) Gel permeation chromatography Af-D (CHClI; solution, polysty-
rene standards) yielded weight average molecular weldiy) ¢alues of

likely due to the & (Re)— z* (poly) MLCT transition, where
a* (poly) refers to the lowest unoccupied* level of the
polymer backbone. The delocalized nature of tHe(poly)
acceptor orbital in the polymers is evident by the significant
red shift of the & (Re)— x* (poly) transition relative to the
position of the d (Re)— =* (bpy) MLCT transition in model
complex4 (Amax ~ 407 nm)!2

Excitation of THF solutions oA—D at 298 K into ther,r*
transition produces an intense emissioda = 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 Lz,7* fluorescence of the polymer backboht. The
guantum yield and lifetime of the fluorescence decrease with
increasingyre indicating that the metal chromophore quenches
thelr,7* state @, @5 = 0.28,7= 1.1 ns;B, @y = 0.16,20
=0.71 ns,C, &4 = 0.11,#= 0.44 ns;D, &y = 0.073,z=
0.37 ns)!® The parallel decrease iy and@Owith increasing
¥Re IS consistent with a model in which the diffusifg,z*
exciton is dynamically quenched by (bpy)R&O%Cl traps.
However, quenching of thler,7z* fluorescence is inefficient even
when yre is large, suggesting that intrachain diffusion of the
Lr,n* exciton is slow compared to its lifetime and/or that
trapping of the exciton by Re(l) sites is nonadiabatic.

Emission spectroscopy carried out at 80 K in 2-MTHF glasses
provides additional information concerning the excited state

(12) Semiempirical molecular orbital calculations (Gaussian 94, AM1
parameter set) on model aryleneethynylene oligomers that contdin 5,5
diethynyl-2,2-bipyridyl units suggest that the* LUMO (the dominant
acceptor orbital for the MLCT transition) is strongly delocalized over the
adjacent dialkoxyphenylethynyl units and partly into the biphenylylethynyl
units. However, the biphenylyl units are twiste@l0® out-of-plane, and
this disrupts the conjugation. LUMO eigenvalues and plots of the basis
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growth polymerization, the polymers exhibit rather broad molecular weight Information.

distributions.
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(13) The fluorescence decays of the polymer solutions required two or
three exponential terms for adequate simulatfofihe reported values are
median lifetimes computed from the multiexponential data according to
0= Yoy, whereo; andt; are, respectively, the normalized amplitude
and lifetime of theith decay component.
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absorption and a broad absorption band that extends from the
mid-visible into the near-IR (Figure 1B). The transient is
quenched by @(k; ~ 10° M~ s71), and on that basis it is
assigned to thér,7* state of the polymer backboi&. Polymers
B—D display a similar transient absorption for thex* state,

but in addition, these materials feature a short-lived transient
absorption with an intensity that increases with. Figure 1C

= illustrates the time-resolved spectrum of polyn@&rwhich is
representative for the Re-containing polymers. At early times
001 the spectrum features bleaching of both the* and dr (Re)

0.00 - — 7* (poly) absorptions along with enhanced absorption in the
001 | 500-700 nm region. The early time spectrum evolvesH

002 | 100 ns) into the spectrum of tife,7* state ¢ = 7 us). The

003 - short-lived transient absorption in the spectrum of poly@er

is assigned to them (Re) — #* (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-livettr,7* state decreases
along the seried > B > C > D.10 Interestingly, the relative
o005 decrease in the yield of ther,7" state along the series closely
B ‘ ‘ ‘ J parallels the relative decreases d and @['° This cor-

300 400 500 600 700 800 respondence indicates that the decreasing yield cfthe state
with increasingyre is due to quenching ofr,7* by the metal
complex and that MLCT— 3z,n* energy transfer does not
Figure 1. (A) Absorption spectra of polymeis—D in THF solution. occurl?

The spectra are plotted normalized to the concentration of the repeat The Re-containing polymers display photophysical properties
units in the pOlymel’S. Concentrations were determined USing the Charactens“c Of the two Chromophonc unlts Coman'ng the
weighted average molecular mass of the two repeat units in each samplegtrcture. The unusual feature is that the two chromophores
(B) Transient absorption difference spectrumPoin THF solution at appear not to be strongly coupled. Thus, although energy
delay times ranging from 20 to 500 ns following a 355 nm excitation transfer occurs frorur,* to the dr (Re)— z* (poly) MLCT
pullsff' (C{ (jTanstignt absor.ptiofn diﬁ;éincseogpecfmﬁmpm T3H5F5 state, the latter does not sensitize formation ofthe* exciton.
solution at delay times ranging from (o] ns following a nm . :
excitation pulse. Arrows indicate the direction of the change in ﬁ]%régesirggfgggﬁ&j;*evenh\jleF](;@:rﬂ;eiesnEl rl%); tr(a)nnsgzrxglgﬁgﬂsoxvllg:
absorption with time. the weak communication between the two chromophoric units
may be that the copolymers consist of blocks comprising mainly
1 and3 and blocks comprising maintg and3. An alternative
possibility is that the unusual photophysics arise because energy
transfer between ther,m* excitons and the metal-localized
MLCT states is inefficient. Fster dipole-dipole energy
transfer fromz,7* to MLCT may be inefficient because
intrachain migration of théz,z* exciton is slow compared to

its lifetime and/or because the transition dipoles for %ner*

and MLCT states are exactly perpendicular. Inefficient energy
transfer between ther,7* exciton and the MLCT manifold is
likely due to the fact that that the two excited states are close
S energy. Slow internal conversion between intraligamgr*

and MLCT states has been reported to occur in polypyri@yl d
metal complexes when the intraligand and MLCT states are
nearly degeneraté.
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properties of the Re-containing polymers. Fifsiexhibits only
Lz.7* fluorescence at 80 K. By contrast, in addition to the
fluorescence, polymemB, C, andD exhibit two other emission
bands at lower energy. One of the low-energy emissions is a
sharp band atmax= 643 nm g = 1.92 eV, fwhm~ 400 cnT?),

and the other is a broad band with onset at 625 nm and with
Amax &~ 700 nm (1.98 eV> E > 1.77 eV). The intensity of
these bands relative to tha,7* 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 th
3x,* staté~17 and the broad luminescence band to the€Re)

— m* (poly) MLCT state. Excitation spectra obtained while
monitoring the 700 nm band assigned to the MLCT state
establish that excitation of thler,z* state produces the long-

wavelength emission, confirming that,z* — MLCT energy Acknowledgment. We gratefully acknowledge the National Science

transfer occurs. Foundation for support of this work (Grant No. CHE-9401620).
Nanosecond laser flash photolysis was used to probe the long-

lived excited states produced by excitationfof D and model Supporting Information Available: Experimental procedures and

complex4 at 298 K in fluid solution. First, 355 nm excitation compound characterization; tabular listings of quantitative FTIR analysis
of polymer A in degassed solution prc’)duceS a long-lived and fluorescence lifetime and relative triplet yield data; figures

- _ - - * illustrating FTIR spectra oB, C, D, and 4, and low-temperature

ransient ¢ = 4 us) characterized by bleaching of thex emission spectra oA, B, D, and 4; and results of semiempirical
(14) The 1.92 eV luminescence assigned to phosphorescence from themolecular orbital calculations on model aryleneethynylene oligomers

3z,m* state is very similar in energy and band shape compared to the (18 pages). See any current masthead page for ordering and Internet
phosphorescence of otharconjugated polymers (very few reports are  access instructions.
available)!> Furthermore, the singletriplet splitting (2.85-1.92 eV) is
consistent with singlettriplet splittings for pyridyl-containing PPP and PPV~ JA963278T
type polymers calculated by semiempirical the¥ry.
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