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DYNAMICS OF FLUORESCENCE DYES,
DIPHENYLHEXATRIENE AND POLYTIOPHENS,
IN FREE AND CONFINED FORMS"

Peter Chandoga™’, Jozef Kuruc’, Igndc Bugdr®,, Dusan Velic™, Dusan Chorvit®

“Department of Physical Chemistry,
*Department of Nuclear Chemistry, Faculty of Natural Sciences, Comenius University,
Miynska dolina CH-1, 842 15 Bratislava, Slovak Republic, e-mail: kuruc@fits.uniba.sk
“International Laser Center, Ilkovicova 3, 812 19 Bratisiava, Slovak Republic

A development of laser technology pushed the limits of time-resolved techniques dealing with dynamics of
chemical interaction. Observation of a chemical reaction in real time [1] started a wide spreading use of time-
resolved experiments in all branches of chemistry, Those experiments span from a solvation dynamics [2], to
excited electron relaxation on solid metallic surfaces [3]. Our experiment focuses on dynamic of fluorescence as
afunction of interactions between solute and solvent. The main relaxation channel of this process is the
interaction between charge distribution of solute and dipoles of solvent molecules. The result of this interaction
is reorientation of solvent, a consequence of dielectric response as a measure of dipoles reorientation. The
involved processes are internal relaxation, interaction with the environment and the fluorescence itself The
fastest process is the internal conversion and just this aspect of fluorescence dynamics is possible to measure
with an experimental set-up providing picosecond time resolution.

The studied subjects of our experiments are organic dyes based on 1,6-diphenyl-1,3,5-hexatriene (DPH) and
polytiophens. The interconversion rates between the two states determine the average lifetime [4]. For DPH in
solvents, the lifetimes of fluorescence are solvent dependent. Relaxation of fluorescence measured at different
wavelenghts is shown in Fig. 1., for acetone. It describes different electronic energetic and vibrational states.
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Figure 1
Fluorescence intensity in up-converted UV photons of DPH in acetone at different wavelenghts
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Fig.1. shows spectra and mono-gxponential fit parameters. The excitation and fluorescence spectra of DPH
were measured in ethanol, methanol, acetone and n-hexane. The static fluorescence spectra were measured with
Fluorog 3.11 system. The wavelength maxima of the DPH structure are 400, 423 and 451 nm, 402, 424 and 450
nm, 404, 426 and 452 nm, and 402, 423 and 450 nm in ethanol, methanol, acetone, and n-hexane, respectively.
The intensity of fluorescence changes with the concentration as follows. The solutions of ethanol, methanol,
acetone, and n-hexane were measured in the concentration range from 5x10 to 10° M and their intensities
decreased from 716000 to 57000 photons s, 341000 to 70500 photons s, 380000 to 28500 photons s”, and
166000 to 17000 photons s, respectively. Dynamics of DPH seems to be independent on the wavelenght in
accord with static spectra provided miniral Stokes shifts.

The fluorescence relaxation dynamics was investigated by using femtosecond time-resolved fluorescence.
The applied technique is based on up-conversion of the fluorescence signal with the delayed probing signal. The
fundamental pulse used both for the fluorescence excitation (doubled before) and the probing, are generated
from the Ti-sapphire oscillator. The time resolution of this technique is approximately 100 fs.

The time-resolved fluorescence dynamics of polytiophen was also investigated. Fig.2. shows spectra and
double-exponential fit parameters of polytiophens in chlorophorm.
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Figure 2
Fluorescence intensity in up-converted UV photons of the polytiophen in chlorophorm at different wavelenghts

Dynamics of polytiophens seems to be dependent on the wavelength. The shorter wavelength results in
shorter relaxation time, due fast intramolecular process. The longer wavelength results in the longest relaxation
time due to stabilization on the ground vibrational state.
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