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Abstract

Ultrafast transient absorption, stimulated emission (SE), and photoluminescence (PL) measurements were performed on
solid films of the conducting polymer: poly[2-butyl-5-(2'—ethyl-hexyl)-1,4-phenylenevinylene] (BuEH-PPV). The ground
state absorption and luminescence of BUEH-PPV are similar to those of unsubstituted PPV, indicating that alkyl substitution
does not significantly alter the electronic structure of the ground state. The PL lifetime and PL quantum yield of BuEH-PPV,
however, are 2 900 ps and over 0.6, respectively. These numbers are nearly 3 times longer and higher than those for:
unsubstituted PPV. Moreover, BuEH-PPV exhibits a strong, relatively long-lived SE (2 60 ps). The SE decays more quickly
than the PL due to an interfering photoinduced absorption which undergoes a dynamic blue-shift to mask the SE at later
times. These observations taken together offer a prescription for controlling the excited state electronic structure of
conjugated polymers, and open the possible production of optically or electrically pumped solid polymer lasers.
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Although many conjugated polymers are highly
luminescent, the development of polymer lasers has been
hindered by the lack of stimulated emission (SE) in these
materials. Ultrafast spectroscopic studies have revealed
that SE is readily observed in polymer solutions and dilute
blend films; in neat solid films, however, SE is either not
observed or decays within at most a few ﬁs.{l-él] The
absence of SE results from a strong photoinduced
absorption (PA) which overwhelms the SE in neat films but
not when the polymer chains are isolated in solution or in
dilute blends, clearly the result of interchain interactions.[1]
-In this paper we present the results of femtosecond
spectroscopic studies on a new semiconducting polymer,
oly(2-butyl-5-(2'-ethyl-hexyl)-1,4-phenylene vinylene)
Bu H-PP\;’). We find that SE in neat solid films of BuEH-
PPV at room temperature persists for over 60 gs, making
this, to our knowledge, the longest SE lifetime observed for
any conjugated polymer. We discuss the implications for
the possible production of solid-state polymer laser diodes.
Femtosecond pump-probe experiments were
erformed using the second harmonic of an amplified CPM
aser (310 nm, ~100 fs, 0.3 pJ, 1 kHz) to excite the sample
and a mechanically delayed white-light continuum
ﬁsnerated from the remaining fundamental light to probe
e spectral dynamics. Films of BUEH-PPV, synthesized as
described elsewhere,[5] were drop-cast from o-
dichlorobenzene with ~1 pum thickness on sapphire
substrates in a N2 atmosphere. The samples were placed
immediately in an optical cryostat at room temperature
and kept under dynamic vacuum (~2 mTorr) during the
experiments. :
Fig. 1 presents the ground state absorption (dashed
curve), photoluminescence (PL) (solid curve), and
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molecular structure of BUEH-PPV. The inset in Fig. 1
shows the time dependence of the spectrally integrated PL
measured on a streak camera; the thin solid lineis a fit to
the instrument rise and a single exponential decay with a
time constant of 914 ps. The high PL quantum yield (0.62
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Fig. 1. PL (solid curve) and absorption (dashed curve) (arb.
units); fractional change in probe transmission at "0" dela
(circles, right axis). Inset: PL decay (symbols) and fit (solid).

in films, 0.75 in solutions) and correspondingly long PL
decay time compared to other substituted PPVs are likely
the result of reduced interchain interactions caused by the
presence of the butky alkyl side-chains.[6]

The gain spectrum and transient absorption of BuEH-
PPV immediately following photoexcitation are displayed
as the open circles in Fig. 1. In the 520-620 nm region, the
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probe undergoes an increase in transmission,
corresponding to strong SE gain. To the red of 620 nm, the
nascent excited state spectrum consists of a broad PA
extending well into the near IR. Although qualitatively
similar to that observed in other conjugated polymers,[1-4]
the PA is broader and is red shifted in BuEH-PPV. This
difference is also likely related to the decreased interchain
interactions in BUEH-PPV compared to other substituted
PPVs.

Fig. 2 displays the early time spectral dynamics of the
SE; the SE undergoes a red shift over the first ~10 ps
following photoexcitation. Similar dynamic Stokes shifts,
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Fig. 2. Early Time SE dynamics of BUEH-PPV following 310
nm photoexcitation. The steady state PL (thin solid curve,
arb. units) is shown for reference. Inset: Integrated SE decay.
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where the transient PL takes a similar time to evolve into
the steady-state PL, have been observed in other
conjugated polymers,[7,8] but this is the first observation of
this phenomena in a semiconducting polymer via SE.
Previous discussions of the transient PL have assigned the
red shift to energy transfer through an inhomogeneous
density of states:[7] the above band gap excitation produces
luminescent species on both shorter (higher energy) and
longer (lower energy) conjugated segments. Energy
transfer from the shorter to longer segments during tens of
ps would then result in the observed dynamic PL Stokes
shift. This explanation is certainly plausible for the
observed Stokes shift in BuEH-PPV. However, structural
relaxation processes such as phenyl twisting also occur on
this time scale and could be responsible for the observed
red shift.

The inset in Fig. 2 displays the time evolution of the
SE, spectrally integrated from 525-575 nm. The solid curve
is a single exponential fit to the data with a decay time of
60 ps. This represents the longest SE decay time observed in a
conjugated polymer by nearly an order of magnitude: the SE
observed in neat films of other polymers decays in just a
few ps.[1-4] Measurements of the short-lived SE in PPV
showed that the SE decay time decreased as the pump
energy was increased above the band edge, and that the SE
completely vanished for sufficiently blue excitation.[4] For
the BUEH-PPV experiments reported here, the 4.0 eV
photon energy of the pump light is nearly 1.5 eV larger
than the band gap. Thus, if BuEH-PPV behaves similarly
to PPV as expected from their similar electronic structures,
the SE decay time should be much longer than 60 ps for
near band edge excitation.

Why does the SE in BUEH-PPV (although relatively
long lived compared to other conjugated polymers) decay
so much more quickly than the PL? Since the excited states

that produce the PL live for 900 ps, the more rapid SE
decay must resuit from an interchain masking PA which
appears on the 60 ps time scale in the emissive spectral
region. Investigation of the near-IR PA decay dynamics
shows a clear blue-shift: the PA decays more quickly in the
red than the blue.[9] Photoexcitation on the initially
separated polymer chains produces the red shifted PA, but
then excited state interchain interactions bring the chains
closer together, causing the blue shift of the PA which
covers the SE (as is the case at early times in other
conjugated polymers). The use of bulky, rigid side groups
should reduce interchain interactions over the entire
excited state lifetime and thus improve the SE.

In summary, we have measured the transient
absorption and emission dynamics of a new conjugated
polymer, BuEH-PPV. Unlike other substituted PPVs, room
temperature films of BuEH-PPV show strong SE, even
when pumped significantly above the band gap. Even
though the PL of BUEH-PPV takes ~900 ps to decay, the SE
decays in ~60 ps because of a dynamic blue-shift of the PA
on this time scale. This relatively long SE time has
important implications for the construction of polymer
lasers. Recent work has demonstrated lasing from
conjugated polymer films via photon confinement by the
introduction of scatterers.[10] Since the SE time in such
scattering media is usually on the order of tens of ps, a
material like BUEH-PPV could be incorporated directly into
a scattering polymer laser diode without need for
dilution.[11]
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