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When time matters:

- Carrier cooling

- Excited state lifetime
- Recombination

- Electron injection

- Carrier transit






Not so for the elephant!
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Observation Time << then typical phenomenon time
scale




Pump-Probe:
Start and Stop

Probe
t>0

Stimulus

Impulsive
PUMP




Pump-Probe

Probe Optical pulse
P= 7" (0)E(w)

P {z‘” (@)+55 2 (w)}E(wJ

N J
\

3)
- 1 (o, 0,0)

Stimulus
Optical pulse

P= 7% (w)E(wp) = AN (E,E;)
P-E




Experimental Layout

Chopper
1 1 Sample
Interference ~ < EI
filter
OMA

Photodiode




Transmission




Pump-Probe
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The Pump-Probe Experiment





Transmission difference spectra (AT/T)
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Elementary excitations in conjugated polymers
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The excitations in mLPPP films
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Singlet depopulation mechanisms

in conjugated polymers
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MONOMOLECULAR decay
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Kinetics does not depend on excitation density

Possible mechanism:
PL S;—>Sy+hv
ISC S—T,

IC S,—>Sy+heat

quenching S;+ X—........




BI-MOLECULAR delay
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Yeas, but...what is really taking place?

mmge- Bi-molecular annihilation may proceeds via:
energy transfer reaction

= o the formation of

“encounter” complex, that further decay to the
products




Pump-Probe

20— o — , ™
1.5 = dﬂ

: | — = =y iy <
. ol dr

5

i

. : () expl = kr)
Time Delay (ps) m{f) =R - — -
Fig. 3. Induced changes in transmission of the T6 film versus d 1 + [Enbrfkifl:lcrr_ﬁtr}lle-

delay time for an excitation density of 300" em™F (upper),
T30 e~ (eenter), 3,53 10" e 7 (lower),

Cr, Lanzame ef al. / Chemical Physics Letters 204 (1997 ) 667 672




Probing Hot Singlet Migration
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Probing Hot Singlet Migration

Stimulated Emission red-shift in mLPPP films
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Excitation scenario in conjugated chains

i Time Scales:
50"--, v 1) 0.150 ps
2) 0.1ps
3) 1-10ps
5) 0.1 ps
6) 10-102 ps

7)

10-6-10-3 s



Pump @ 3.2 eV
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Hot state signature 2:

Photocurrent excitation cross-correlation dynamics
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Electric-Field assisted Pump-probe

1. Perturbation of energy states
provides Info on their Nature and
Dynamics =

2. Study of polymer films at condition
typical of an active layer into a biased
device

3. Creating in Lab artificial situations
for investigating elementary
processes (hot otherwise detectable)



Electric field pump — probe setup

Jnnn Vv Electric field pump — probe signal:

ATIT=-d) Ac;. (@ F)N, ®f,
I

—dij(a»KNJ (F®T, -3 A, (PN,

a7 >
£ Ao, = ground state Stark shift
Al : :
detection Ao;; = excited state Stark shift
LTo Polymer

A°N = change in population




1-D Exciton Ionization
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1. Down shift in energy (~ F?)
2. Change Oscillator Strength

3. Ionization



m Order of magnitude of the involved quantities

The electric field is typically
between 10°-10¢ V/cm

The available electrostatic energy
ontoa lnm size is 10-°-10-1 el

The estimated time for carriers sweep
with IMV/cm field is 10 ns



Electric field induced dissociation of neutral states
in MLPPP
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(W. Graupner et al.Phys. Rev. Lett. 81, 3259(1998))




Singlet state dissociation into charged doublets
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Thermalization



Early events of scattering in semiconductors

tE Electrons have kinetic energy

Lattice Is “frozen”

Elastic e-e (100 fs)  k-vector distribution
Inelastic e-e (500 fs) hot Electron Distribution
Inelastic e-ph (1 ps) [rate ~ h(1/t,,)]

Elastic ph-ph (1 ps)

Inelastic ph-ph (10 ps) hot Phonon Distribution
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Hot State Relaxation
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Radiationless transitions (IC)
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Conical intersection and “diabatic” path
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The Kas ha rule (Discuss. Faraday Soc. 9, 14(1950)

“Fluorescence is gbserved exclusively from the lowest
electronic excited state”

— IC is much faster than radiative decay

T<<Trad

— SZ

% T<<Trad

S

So

Exception: Azulene (S,-S, emission) due to ultrafast S,
deactivation.

[M. Beer, H. C. Longuet-Higgins JCP23, 1390(1955) C. V. Shank ret al. CPL46, 20(*77)]




The Kasha rule
(M. Kasha, Discuss. Faraday Soc. 9, 14(1950))

Fluorescence is observed exclusively from the lowest

electronic excited state
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Fig. 7.22a, b. Vibrational relaxation in the S state of nile-blue in methanol. Bleaching is plotted as
a function of time. (a) The original data (—), the data after removal of the coherent artifact ()
and the integral of the intensity autocorrelation (-—-). (b) Portion of the probe signal due to fast
molecular dynamics (——); fit assuming a single exponential response with a 410fs time constant

(---); intensity autocorrelation curve of the pulses (++) [7.73]



The Vavilov rule

fluorescence quantum efficiency is
independent of the excitation wavelength
(for non ionizing radiation)

implies IC occurs with quantum efficiency of unity
Exceptions (many)):

|

S, D,
Charge
generation
S
T, :
Singlet

Fission S,



The Photosynthetic Unit
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Bacterio-

chlorophyll

After Richard Cogdell - Univ. Glasgow

Bacterio-
chlorophyll

Carotenoid
Antenna Complex in Rhodopseudomonas Acidophila 10050




All-trans-3-carotene

hv + BChl—'BChl

1

‘0, + BChl«-°0,+°BChl
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S,-S, is fast ~ 102 fs
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Early events of energy relaxation: Transient

Spectra of B-car
Vibrational Coherence
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IVR in B-Carotene
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Molecule in solution under optical excitation

So S;+Phw S;+vib S, +<vib>

° VC

@ —

@' 10 ps
To>Tomp (Macroscopic transport)

E(T,)=hv, —AEg +E_.

- H-bond
NE= Non Equilibrium plays a role

H= Hot State
TS=Thermal State

' = Solvent Shell



T5A0, : The effect of the environment
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