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Among the methods of studying characteristics of various molecular systems, time-resolved spectroscopy is known
to be particularly insightful. During the experiment, the system under consideration is usually first excited abruptly with
a short pulse and then the response of the system (in the form of radiation) is measured. Proper analysis of the resulting
time-resolved spectra can contribute remarkably to the understanding of the physical processes governing the behaviour
of the system. However, the extraction of the required information is a non-trivial task and due to its significance it is vital
to select (or develop) a suitable method of data analysis.

The most-widely used numerical methods to analyse the two-dimensional array of data collected in such a way are
based on the calculation of the Decay Associated Spectra (DAS) or the Evolution Associated Difference Spectra (EADS)
with the corresponding decay times [1]. The goal is to fit the data with a number of exponentially decaying components
(or compartments) by finding their decay times, and then reconstruct the spectra of the components. The DAS describe
the system as a set of non-interacting compartments, each decaying with a certain decay time constant after the excitation.
Consequently, this model does not take into account any possible energy transfers between the compartments. Such
transfers are incorporated into the EADS model, which implies that only one compartment is initially excited. As it
decays, it sequentially excites the next compartments causing them to fluoresce. Considering the differences between the
models, it may be beneficial to try applying both analysis methods to the measured data.

The first step in applying the models is determining the decay time constants of each compartment. These constants
τi can be found by solving a minimisation problem: using a computational algorithm one should find such values of
parameters τi which would make the reconstructed fluorescence intensity function as close to the measured function as
possible. If both functions match (with the certain desired tolerance), then we may proceed to examine the spectra and the
kinetics of the components to see whether the applied model produced any physically meaningful results.
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Fig. 1. Fluorescence measurements of LHCII aggregates at 50 K temperature
and its analysis. (a) Experimental data of the fluorescence intensity measure-
ment. (b) Fluorescence decay kinetics integrated over a 6 nm wide region cen-
tred at the specified wavelengths as given by the measurements, and the recon-
structed kinetics. (c) Fluorescence spectra integrated over the specified time
period as given by the measurements, and the reconstructed spectra.

In this work we studied whether
the DAS and EADS models are appro-
priate for describing the fluorescence
decay kinetics in the aggregates of pho-
tosynthetic major light-harvesting com-
plexes, that have been measured re-
cently over a wide temperature range
[2]. Figure 1a shows the experimen-
tal data of fluorescence intensity mea-
surements at 50 K temperature. In order
to evaluate the studied analysis meth-
ods we used the experimental data and
the data given by the models to plot the
decay kinetics (Fig. 1b) and the fluo-
rescence spectra (Fig. 1c). Here both
DAS and EADS produced similar re-
sults, therefore the figures only show the
DAS-based results. As we can see, the
lines representing the reconstructed kinetics appear to repeat the kinetics of the measured data and the reconstructed spec-
tra are also in agreement with the measurements. At other temperatures the models proved to be able to describe the system
accurately as well. At temperatures lower than 130 K the system is described more accurately when a 3-compartmental
model is applied which gives an additional component with a decay constant significantly bigger than those of the two
other components. A 2-compartmental model is suitable for the systems at temperatures of 130 K and higher.

The DAS and EADS models are not mathematically complicate, nor do they require special computational power,
but nevertheless they are suitable for analysis of time-resolved measurements. Both methods revealed the co-existence
of at least two spectrally distinct states of LHCII complexes in the aggregate and allowed us to evaluate the timescale
of excitation energy transfer between these states. Therefore, we can conclude that the DAS and EADS models may be
used as a reasonable approach to get an initial understanding of the processes in the system in question. However, more
detailed structure-based models are required to account for the excitation migration through the aggregate.
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