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Gain dynamics in oriented thin films of
an oligo(para phenylene vinylene)

't. Barisien, 1. A. Pham, L. Guidoni,

1.-Y. Bigot, Insiitut de Physique et Chinie des
Matériaux de Strasbourg, Strasbourg Cedex,
France; -mail: barisien@ipcins.u-strashy.fr
Numerous factors which gover the efficiency
ofthe stimulated emission process inthin filims
of electroluminescent conjugated oligomers
are related to the structural properties of the
materials. Among them the effects of molecu-
lar ortentation are of major interest.™> It is
indeed fundamental to know whether an or-
dered phase of oligomers is necessary to lower
the threshold of the stimulated cmission. In
this paper we study the role of the molecular
orientation by investigating the photo-excited
states dynamics of crystalline thin films of the
5-ring  n-octyloxy-substituted  oligo(p-
phenylene vinylene) (Qoct-OPV5) with fem-
tosecand pump-probe specteoscopy. In par-
ticular we compare the emission properties
and gain dynamics of two categories of crystal-
line (ihns characterized by different degrees of
structural disorder.

Our observations are in favor of the fact that
slight variations of the molecular organization
can have a considerable impact on the gain
mechanisms. Por instance the amplification of
spontaneous emission is shown to occur under
drastically different conditions depending on
the crystalline quality of the filim, the lowest
threshold for ASI being reported in the most
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QIB5  Fig. 1. (a) tvolution of the time inte-
grated luminescence spectra in the Ooct-OPVS
well ordered 100 nm thick Ghms with absorbed
pump coergy density T, (the pump is polarized
parallel to the chains). (b} Details of the corre-
sponding intensity {circles) and line width (dia-
monds) as a [unction of T, Threshold for ASE is
about 6 pJ/em? It is four times higher in thicker
lilms, which ate less ordered, and for which the
ASL is obtained [or an excitation polarized per-
pendicular to the chain axis.
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QIB5  Fig.2. Timeresolved differential trans
mission (at A = 535 nm} of Ooct-OPV5 for in-
creasing absorbed punp energy densitics: (2) in
the 100 nm thick ({lm, (b) in the 200 nm thick
film. {'he polarization of the pump is parallel o
the chain axis, Above about 12 pjfem?® a compe-
tition between gain and indueed absorption oc-
curs leading to quenching in the thicker film.

highly ordered films provided that the pump is
polarized parallel to the chain axis (Figure 1).
Under similar conditions of excitations a
quenching effect oceurs when the degree of
disorder in the filn increases. This quenching
can be explained considering the evolution of
the gain in both time resolved (Figure 2) and
spectrally resolved experiments. T the less or-
dered samples we are able to make the link
between the strong depletion of the gain ob-
scrved at high pump fluences and the appear-
auce of a photo-induced absorplion band
which we attribute to the opening of new dis-
sipative channcels induced by the disorder, such
as transitions to higher electronic states.

In addition, the very high crystal quality of
the thinnest films (100 nm) altows us to point
out other fundamental aspects concerning
fimitation factors inherent in the vibronic
strueture of the molecule, We show that de-
pending on the regime of amplification, modi-
fications occur in the specival shape of the
dynamical gain (Iigure 3). For high pump Hu-
cnices the gain is favored on the lowest vibronic
transition (580 um) at the expense of the main
peak (535 nm). Such behavior of the gain band
obscrved in highly ordered films reflects a
complex dynamics of the populations in the
ground and excited states of the oligomer. It
must nevertheless be considered as an addi-
tional intrinsic source of limitation in regard to
the developrient of materials with oplimized
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QFB5  Fig. 3. Differential transmission spec-
tra of the Qoct-OPV5 thin film for two absorbed
pump energy densities of 10 (a) and 50 j/cm? (b)
at different delays (solid and dashed lines), {a)
The dynamic gain spectra is narrowed in the re-
gime of amplification in comparison (o the non
stimulated gain which reproduces the spectra of
sponlaneous cmission (dotted line). The corre-
sponding time integrated Quorescence spectra in
the regime of ASE (shaded curve) is shown for
refecence. (D) For high pump fluence and at short
delays the signal on the bowest vibronic transition
(580 nmy) is enhanced at the expense of the main
gain peak (535 nn).

structural propertics in view of their applica-

tion Lo opto-clectronic devices.
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Solvent-controlled acceleration of
electron transfer reaction

M.S. Pshenichnikov, TLD. den Harlog,

A. Baltuska, A. Pugzlys, S. Umapathy,

D.A, Wiersma, University of Groningei, The
Netherlunds; E-mail:

M.S. Pshenichnikov@chem i nl

Liguid phase clectron transfet is one of the key
reactions in nature and has been extensively
studied. ™ 1n his pioncering work, Marcus
modelled clectron transfer (F'L') as thermally
aclivated barrier hopping.! Subscquent im-
provements of the theory thal incorporated
the influence of solvent dynaaics on the 171
process, led to the central couclusion that in-
verse UL rate is lincarly proportional to the
longitudinal relaxation time of the solvenl.®
In this Contribution we present the
first—to the Dbest of our Inowledge -
experimental  evidence of the solvent-
controlled rate of the intermwolecular BT veac-
tion. The key virtue of the study is the usa of
binary mixtures, which allows us to vary con-
tinuously the rekaxation propertics of the sol-
vent. We demounstrate that the 1L reaction rate
can be increased by more than a factor of 5,
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QUB6  Big. 1. Pump-probe transients {a) and

the ground-stale recovery time and amplitude as
fimclions of AN concentration (b). 1u {a), hiex-
pounential fits to (he experimental dala ace shown
by thin lines.

which signifles the change from solvenl-
controlled V1 (o a non-adiabatic L't

As a model system for the study of the in-
Tuence of the solvent-dynamical properties on
inter-molecular 'L, a photo-ucceplor dye
Rhodamine 800 (RBOO} molecule in N,2N-
dimethylaniline (DMA) clectron donating sol-
vent 18 used. [t has been shown for similar
systems? Lhat upon the optical excitation of the
dye molecule 181" oceurs from solvent to the
dye. We choose acetonitrile (AN) as the second
solvent in the binary mixture since it is one of
the fastest responding solvents.

Pump-probe transicnts ablained [or R8QO
dissolved in DMA/AN mixtares, show a bi
maodal behavior (Fig. La). The initial 150-fs
component is caused by the depletion of the
excited stale population through the forward
W1 A longer, ~5.5-ps component, is assigned
to the ground-state recovery during backward
11 Crom RBOO to DM AL Uhis component dem-
onstrates a remarkable sensitivily to the AN
content: the decay tine rapidly decreases down
to 1 ps with the tncrease of AN concentration.
The pump-probe signal obtained for RBOO in
pure AN does not exhibitany substantial decay
in the experimental lime window which is con-
sistenl with the absence of the T process.
Figure Ib summarizes the oblained results on
the backward 11 time. Note that the amplitude
of the slow component remaing constant inall
cases, which indicates that the quantum yield
of T does not decline as the AN coneentration
ncreases.

T'o determine the longitudinal relaxalion,
we measure the Debye relaxation time by using
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QFB6  Fig. 2. 'T'he rotational diffusion time in
binary mixtures abtained {rom the OFID-Kerr
experimient. 'The Bneat fit to the data is shown by
the solid line.
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QFBG6  Tig. 3. The backwavd 171 time as a
function of longitudinal relaxation tme. "l'he fit
Lo the experitiental data (solid circles) is shown
by the solid linc.

the OHID Kerr technique™ and scale it by the
n?fe ratio with # and & being the index of
refraction and the static dielectric constant,
respectively.® The relaxation times ol binary
mixtures show a linear dependence on the AN
concentralion (Fig. 2), This is fully consistent
with the Lact that the rotatioual relaxation time
depends on the bulk parameters of the solvent
(L.e., viscosity and density) which vary almost
lincarly with the concentration of cither com-
ponenl.

In lig. 3 the backward EL time s plotted
against the solvent longiludinal relaxation
time. A lincar dependence predicled by theo-
retical models® is clearly observed. Further-
more, the slope of the lincar fit to the experi-
mental poinls amounts 10 0.9 % 0.1, which
coincides with the upper limit of | predicted
for the case of the barrierless solveut-
controlled 1. xtrapolation of the straight
line in Fig, 3 1o zero shows that the backward
151 time in an inlinitely fast sobvent would be
~ ps. Therefore, our data convincingly dem-
onstrate that the solvent relaxation is the pre-
dominant rate-limiting process lor the inter-
mofecular ET reaction in pure DMA.
[ lowever, with the increase of the AN concen-
tration the rate becomes mainly determined by

the clectronic coupling between donor and ac-

ceptor.
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Ultrafast photoelectron spectroscopy of
dye-doped organic films

K. Read, H.8. Karlsson,* TLC. Kapteyn,™
MM Murnane,* R Elaight,*** University of
Michigan, Ann Arbor, M1 T-mail:

fread@eecs. rmich.edu

The electroluminescent organic material,
tris(8-hydroxyquinoling)aluminum (Alq), is
forcmost in organic light cmitling device
(OLED) fabrication.! Doping Al with highly
fluorescent dyes enhances the emission, and
alows color tuning.2 Furthermore, DCM
doped Alg filims have been shown (o lase at low
photoexcitation thresholds, and have the po-
tential for electrical pumping.®» These appli-
cations benefit from detailed understanding of
the Alg-DCM excitation transfer, the recombi-
nation dynamics, und the cncrgy gap values.
Lach of these properties were studied in this
work.

A Tisapphire laser, producing 90 fs, 790
nru, L m] pulses at 500 1z was used for these
experiments, The excitation beam is frequency
doubled to 395 nm, the peak ol the Alqabsorp-
tiot. The probe beam, which is the 17th hax-
monic of the laser at 26.7 ¢V, is generated by
high-harmonic conversion. The photo-
cmitted clectrons are energy analyzed nsing
time-of-flight spectroscopy.o?

Fig. | shows a zero-delay phoro-excited
electron spectrwit of Aly doped with 2%
DCM. The lowest unoceupied molecular or-
bital (LUMO} region is expanded, and an un-
excited lowest unoceupicd molecular orbital
(LUMQ) is included for comparison. 'The
zero-delay, occupied-to-unoccupied energy
gap is 2,95 ¢V, Vig. 2 shows that this gap
shirinks on a 10 ps timescale.

The dynamics tollow a five-step process: 1)
an Alq electron is photoexcited to the LUMO),
2 this cleclron relaxes within (he excited state,
3) Lhe excilation transfers from Alg to DM, 4)




