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fluorescence emission scheme] 1]

Fig. 1 Scheme of fluorescence emission from two
fluorescent substances

hy represents the excitation ray, 4v” and kv” repre-
sent the fluorescence. kir and £iq represent the rate
constants of fluorescence emission and quenching,
respectively.
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Fig. 3 Nyquist plots H(®) in an ethanol solution
containing anthracene and pyrene

The concentration of anthracene is 0.16 ppm. The
concentrations of pyrene are 0.02 ppm in solution 1,
0.04 ppm in solution 2, 0.08 ppm in solution 3, 0.12
ppm in solution 4, and 0.2 ppm in solution 5
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Fig. 6 Impulse response functions, A(t), of
fluorescence emission from anthracene and pyrene

The concentrations refer to Fig. 3.
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Table 1 Fluorescence lifetimes obtained by various
analytical method

Anthracene Pyrene
(a) Simulation of H(w)
solution 1~5 5.0 ns 71 ns
0.16 ppm anthracene 5.1ns
0.02 ppm pyrene 70 ns
(b) —Im/w replots
solution 1 5.1 ns
solution 2 5.0 ns
solution 3 5.3 ns
solution 4 6.1 ns
solution 5 6.8 ns
(¢) Curve fitting of £(¢)
solution 1 4.7 ns 74 ns
solution 2 6.1 ns 70 ns
solution 3 4.5 ns 63 ns
solution 4 5.8 ns 67 ns
solution 5 4.8 ns 68 ns

The fluorescence lifetime of pyrene is smaller than
that obtained in a previous study'? in a degassed
solvent, because dissolved oxygen influences the
fluorescence emissions.
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Analysis of two-component fluorescence lifetimes by fast Fourier transformation.
Masayuki ITacakl and Kunihiro WaTtaNase (Department of Industrial Chemistry, Faculty
of Science and Technology, Science University of Tokyo, 2641, Yamazaki, Noda-shi, Chi-
ba 278) )

Three different methods using the fast Fourier transformation (FFT) have been used to
analyze the fluorescence lifetimes for a two-component system. In this study, anthracene
and pyrene were used for the two components. In the first method, the transfer function,
H(w), for fluorescence emission was obtained from the cross spectra of the excitation ray
and fluorescence decay curves in the frequency domain. A rate constant for each step in
the fluorescence emission process was determined on the basis of simulations with a
theoretical model. Fluorescence lifetimes, 7;, of the two components were calculated us-
ing the following relation, =1/ (kietkiq), where kir and kiq represent rate constants of
fluorescence emission and quenching, respectively. In the second method, the fluores-
cence lifetime of anthracene was determined from plots of —Im {H(w)} /wRe {H(w)} vs.
(w/27) in the frequency domain, where Im {X} and Re {X} represent imaginary and real
parts of X, respectively. In the third method, the impulse response function, h(#), of the
fluorescence emission was obtained from the inverse-FFT of H(w). Fluorescence life-
times were determined from curve fitting of the two component exponential decay curves
for h(f). The two component fluorescence lifetimes obtained by the three analytical
methods agreed well with each other, and the applicability of FFT analysis on fluores-
cence lifetime was proven.
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