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INTRODUCTION

• Concentration quenching occurs when fluorescence quantum
yield decreases upon increasing concentration of fluorophores in
solution.

• The origin of concentration quenching is not fully understood to
this day.

• It has been observed in chlorophyll solutions [1].

• Interestingly, at similar fluorophore concentrations the
fluorescence is usually significantly quenched in artificial
systems compared to unquenched in in vivo systems.

• In this work, concentration quenching was simulated using
approach similar to ref. [2].

• Quenching was achieved by introducing infinitely deep traps:
excitation, after reaching one, could not escape.

RESULTS

2D model was used to fit the measured fluorescence lifetimes of chlorophylls in monolayers [3], and 3D model was used to fit the measured chlorophyll
fluorescence lifetimes in lipid liposomes [4]. Fitting was performed by finding the minimal squared deviation between experimental data points and calculated
excitation lifetime values in the same concentrations. In 2D model, parameters Rtrap and RF were changed during the optimization process to find their optimal
values. Parameter α (used to determine if an aggregate is a trap) was added to the optimization process of the 3D model.

THEORY

Time dependence of the total excitation probability Ԧ𝑃 (a vector of excitation
probabilities for every molecule) was calculated by solving a differential equation:
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𝐾 is a matrix of Förster energy transfer rates between molecules:
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Mean excitation lifetime values were obtained by summing up those elements of Ԧ𝑃
that describe fluorescing molecules (not traps) at each point in time and calculating
the integral of the resulting curve. Results were averaged over different molecule
distributions.

CONCLUSIONS

• The two-dimensional model describes experimental data sufficiently well. Optimal
parameter values are Rtrap = 3.15 nm and RF = 5.21 nm.

• It is not possible to fit the experimental data without including the orientations of
transition dipole moments.

• The current three-dimensional model cannot fit the experimental data well enough, it
has to be modified in order to obtain better results.

Fitting of experimental data [3] (Rtrap = 3.15 nm, RF = 5.21 nm) Fitting of experimental data [4] (Rtrap = 1.05 nm, RF = 27.31 nm, α = 0.31)

2D AND 3D MODELS

In 2D model, molecules, each 1 nm in
diameter, were scattered in a 10000 nm2

area using a uniform distribution.
Different concentrations were obtained
by changing the number of molecules
(N). Traps were formed when two or
more molecules were closer to each
other than a certain distance (Rtrap).

In 3D model molecules were scattered
uniformly in an 8000 nm3 box. Nearby
molecules formed an aggregate which,
depending on its type, could become a
trap.


