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Jablonski Energy Diagram * Absorption occurs in the fs time regime
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Quasiparticles in Conjugated Polymers: Solitons
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A. J. Heeger et al., Solitons in conducting polymers, Rev. Mod. Phys. 60, 781 (1988)

IR active vibrational mode (IRAV mode)
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FIG. 48. Absorption spectra of poly(3-methylthiophene), taken
in situ during electrochemical doping (from Harbeke et al.,

FIG. 51. Photoinduced absorption of polythiophene at 20 K
(from Vardeny, Ehrenfreund, Brafman, Nowak, er al., 1986).

1985).

A.J. Heeger et al., Solitons in conducting polymers, Rev. Mod. Phys. 60, 781 (1988)
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Transient absorption spectroscopy: Information about the time-evolution of excited species created in a
sample by photo-excitation.

* pumping the sample with a very short pulse of laser light
* probing the excited states using a short pulse at some known time afterwards.

- Probe pulses can interact with the excited states and may be either partially absorbed or amplified.

- The amount by which the probe beam is modulated as it passes through the pumped sample is proportional to the number
of excited states.

- This number changes with time as the excited species decay to lower energy states. By measuring the intensity of the
transmitted probe at known times after pumping, the population at these times can be deduced.

* Excited-state species present in the photoexcited sample.

- Singlet excitons

- triplet excitons

- solitons

- polarons

- bipolarons, etc.
Each one of these has its own absorption spectrum. Thus, probe photons of different energies will be
absorbed by the different species present.

*Transient dynamics at a given wavelength: Transmitted probe at that wavelength is monitored as a function

of delay.

* Transient absorption spectrum: the entire transmitted spectrum over a range of wavelengths is monitored at
Jiadadedeieniold=absorption features from-ditferenintiiio
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e Bleach: positive signal due to a bleaching of the S, 2 S, transition.
o Stimulated emission: positive signal is seen at the same position as the PL.

e Photoinduced absorption: very broad and long-lived.
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* Spectral information to identify species
* Frequency, intensity, and temperature dependence used to assign absorptions and
characterize states

@ 12/24 Changhee Lee, SNU, Korea




Organic Semiconductor

PA signal: monomolecular decay EE4stL61A
. 1> semester

» Assume signal is proportional to number of excitations present at time t: n(t)
* [ intensity, g generation efficiency, ® chop frequency

M = gl[1+ cos(at)] _h®
dt T

n(t)=glz[1+

ﬁ cos(at — )],
o

p=tan"(w7): ¢ —>0forr<<w™, ¢9%forr>> o

AT cn, = L
Vi+ o'’

* PA signal is linear with intensity at all frequencies
* Behaves as o'! for @t >> 1
* Independent of o for ot << 1
* The crossover of the two regions (ot ~ 1) is used often to obtain the lifetime t.
* The in-phase (¢=0) and out-of-phase (¢=n/2) spectra can be used to detect states with different
lifetimes: in-phase (¢=0) for a short lifetime state and out-of-phase (¢p=m/2) for a long lifetime states.

Ref. G. Delleiane, C. Cuniberti, D. Comoretto, G. F. Musso, G. Figari, A. Piaggi, A. Borghesi, Phys. rev. B 48, 7850 (1993)
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where o () is the cross-section (in cm?),
and N; is the population of the final states.
G is positive for upwards transitions and
negative for downwards ones.

G. Lanzani, G. Cerullo, D. Polli, A. Gambetta, M. Zavelani-Rossi, and C. Gadermaier, phys. stat. sol. (a) 201, (6), 1116 (2004)
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1
B-Carotene: can be found in yellow, orange, and green leafy fruits and
vegetables such as carrots, tomatoes, sweet potatoes, oranges, etc..
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In B-carotene in solution, the “hot” S, state thermalizes in about 2 ps upon internal
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= (1Bu+) ‘wB” ) 7conversion
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Left panel: transient spectra measured in B-carotene in solution at different pump-
probe delays (labels) in ps
Right Panel: Numerical simulation. The arrows points out a feature of the lineshape.

K, /Ko = 20: Vibrational relaxation
slows down approaching the
bottom of the potential well.

G. Lanzani, G. Cerullo, D. Polli, A. Gambetta, M. Zavelani-Rossi, and C. Gadermaier, phys. stat. sol. (a) 201, 116, 1131 (2004).
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T L T J T Fig.5 Ultrafast dynamics in PDA
r I 1 following excitation with sub-10 fs pulses
L Il‘ , as measured monitoring the 620 nm
spectral component of the probe pulse
band. Structures at negative delay are due
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Al ‘\.'F\""l,r-‘ ~ [N motion. The inset shows Fourier trans-
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From the data the time scale for dephasing of the double stretching mode is extracted as T, = 600 fs,
consistent with Raman linewidth and typical value for CPs, indicating that the vibrational lifetime is T, > 300 fs
in the ground state.

G. Lanzani, G. Cerullo, D. Polli, A. Gambetta, M. Zavelani-Rossi, and C. Gadermaier, phys. stat. sol. (a) 201, 116, 1131 (2004).
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Field-assisted pump-probe spectroscopy
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Fig.8 Electric Field assisted Pump-probe
spectra for m-LPPP films. The dashed line
shows the absorption spectrum of charged states
in m-LPPP measured by chemical doping.
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Fig. 9 Singlet-state breaking rate p versus pump-probe
delay in presence of an external electric field in m-LPFP.

G. Lanzani, G. Cerullo, D. Polli, A. Gambetta, M. Zavelani-Rossi, and C. Gadermaier, phys. stat. sol. (a) 201, 116, 1131 (2004).
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G. Lanzani, G. Cerullo, D. Polli, A. Gambetta, M. Zavelani-Rossi, and C. Gadermaier, phys. stat. sol. (a) 201, 116, 1131 (2004).
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