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Photoinduced electron trausfer in organic molecules is a topic of fundamental interest in
photophysics and for applications to artificial photosynthesis Highly efficient ulirafast electron
transfer from photoexcited conjugated polymers to Cyg has been reported [1]; the back transfer is
hieavily hindered, thus providing a hanism of the ph charges. The
detailed time resolution of this pmcms 18 needed to shed light on the charge transfer mechanism

In this wark we perform ultrafast cxperiments on conjugated polymer/Cqg blends with sub-10-fs
time resolution. We are able to time resolve for the first time the charge transfer process, obtaining a
time constant Ta = 45 5. The excitation source is a visible optical parametric amplifier [2] providing
ultrabroadband pulses with sub-10-fs duration and spectrum extending from 520 to 720 nm. We excite
thin fitms of poly [2-meti 5-(3°,7" — dimethyl loxy)]-p-ph vinylene (MDMO-PPV),
blended with Cgo, with a 1:1 ratio in molecular concemmllon, at these high Ce concentrations we
measure the intrinsic charge transfer process unaffected by diffusion. For comparison we also study
pure MDMO-PPV films.

Fig. 1(a) shows as solid line the diffcrential transmission (AT) signal for pure MDMO-PPV at
the probe wavelength of 580 nm. The features at negative and near-zero defays are due to coherent
artifacts, The AT signal has positive sign and is assigned o stimutated emission from the excited state
The strong osciflations superimposed on the signal (see Fourier spectrum in Fig. lb) reflect the
vibrational modes coupled to the excited state. By blending with Cep, the signal changes dramatically
(dashed line in Fig. 1(a)). The initially positive AT rapidly changes sign, indicating the quick
formation of a new photoinduced absorption (PA). Based on ¢w measurements, this new PA is
assigned to the MDMOQ-PPV charged state (polaron) and thus provides a direct signature for the
charge transfer process By an cxponential fitting of the PA risetime, a time constant for the electron
transfer process uf ~ 45 5 is calculated. Similar results are obtained at other probe wavelengths
Excited siate viby b is not maintai in the charge transfer process, thus indicating
evolution of the system on an anharmonic charge transfer potential energy surface
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Tig 1 {a) AT for pure MDMO-PPV (solid line) and PPV/Cy; (dashed line) at the probe wavelength of
580 nmy; (b) Fourier transform of oscillatory companent of the MDMO-PPV signal,
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Summary

Rare earth jons (RE) with optically activated 4f electrons
‘present sharp spectral transitions in condensed mater due
1o the shielding of the 4f electrons by the outer $s5p
electrons. The “quantum dot” nature of RE makes them
ideal for the study of condensed matter structures and
dynamics. In this communication, we report on the
fluorescence excilation spectva and the coherent
femtosccond (fs) dynamics regarding the single ion and pair-
lransitions in Er:Y AG at 77K. We further apply fs
interferometric techniques to control the single ion and fons-
pair emissions.

The continuous wave Ti :sapphirs laser output with the
wavelength tunable near the 800 nm spectra) region excites
the Er from the ground state ta an intermediate excited state
resulting in linear fluorescence (LF) Previous work
demonstrated that the race earth optical transitions are
“inhoraogeneously broadened", with pair transition satellites
respoasible for upconversion normally obscured by a strong
lincar absorption line [1] On the other hand, recording of
the up-converted signal can separate the pair transitions
froma strong linear absorption background.

Fig. 1 shows the fluorescence excitation spectra recorded
for LF (upper curve) and for up-conversion (lawer curve).
The depth and spectral profiles of bright and dark
resonances at 786.5, 787.8, 788.5, and 789.0nm are faund to
be excitation intensity dependent. The bright resonances of
upconversion are observed to be a reversed image of the
dark resonances in the LF excitation spectra, The excitation
cross sections of the two processes can be written as

Dt M= =0 m
where o, B and v are the absorption cross sections for
the LF, upconversion and for LF recorded at very low
intensity respectively.

The si ly recorded
for LF and for up-conversion are shown in the typical time

1, D-70569 Stuttgart, Germany
window 1 0-1.1 ps in Fig. 2. Itis obvious that the two
interferograms have opposite phase, making coherent
control possible to enhance up-conversion while suppressing
LF or vice visa.

The physical mechanism responsible for the opposite phase
between the two interferograms can be explained with the
theoretical analysis of interferograms. An interferogram is
related fo the absarption cross section by

St N={d cosl 1+ M)+
Here t, isthe delay time between the two exciting pulses. 2
is the central frequency of the pulses and dy s the related
phase delay. I{m) is the exciting spectrum and o gencral
absorption cross section for LF or for upconversion
Replacing equation (1) inta (2) gives rise to
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As the spectral bandwidth of the excitation spectra for LF is
in general much braader than the burned spectral hole width,
S goes to zero as a function of t; much faster than the terms
on the left hand side. Asa result,
St D+ 5My 1) =0 for large time detay suggests
the production of the phase shift oft between the two
interferograms, making it possible to enhance linear or
nontinear conversion efficiency simply by delaying the
excitation pulse pair by the phase delay ofn.
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Figuro 2 Delay Itme depentont LF(snid tina) and up-onvertsd
‘signal (dotied line) interketagramss in the lira window ot 1,0-9. 18
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