Evaluation of density-functionals to study the emission spectra of cationic and
anionic dyes
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Abstract – Due to the important applications of the following dyes: Methylene blue (AM), Toluidine Blue (AT), Thionine (TI),
Eosin Y (EO), Erythrosin B (ER), Fluorescein (FR), Acridine orange (LA), Proflavine (PF), Safranine (SF), Rose Bengal (RB), Neutral
red (VN), we have performed Density Functional Theory calculations to obtain geometries and emission spectra. The functional that
provides the best agreement with experimental spectra will be used to calculate important properties (as dipole and atomic charges) to
understand the applications of these molecules.

Cationic and anionic dyes have being studied for different applications, and more recently for
photodegradation of organic pollutants, electrocatalyses, solar cells, biosensors and photodynamic therapy.
These dyes are also being used as probes in the study of microheterogeneus and biological systems (clays,
micelles, vesicles, microemulsions, DNA and nucleosides). This is based on their photophysical and
photochemical properties, whose strongly depend on the nature of the surrounding environment. In the
specific case of clay, the dyes tend to be adsorbed by the external surfaces of its particles, increasing the
local concentration and inducing the aggregation of the dye molecules. Studies on the dye-clay interactions
are based on spectrophotometric and fluorescence emission measurements, as the spectral behavior of the
dye is modified when adsorbed on clay [1,2].
Aiming to understand the interactions whose promote the spectral changes, we have performed
Density Functional calculations for the following dyes: Methylene Blue (AM), Toluidine Blue (AT), Thionine
(TI), Eosin Y (EO), Erythrosin B (ER), Fluorescein (FR), Acridine Orange (LA), Proflavine (PF), Safranine
(SF), Rose Bengal (RB), Neutral Red (VN).
Every group of dyes consists of a system planar tricyclic aromatic ring. The phenothiazine group (AM,
TI and AT) has two heteroatoms in the central ring, one nitrogen and one sulfur. The xanten group (RB, EO,
ER and FR) has an oxygen and a aromatic radical in the central ring. The acridin (LA and PF) group has one
nitrogen in the central ring and the diazinic group (VN and SF) has two.
We have obtained the geometries of these dyes in singlet (for example, frontier orbitals for EO are
presents in Fig. 1) and triplet states with B3LYP functional and DGDZVP basis set. To eliminate possible
artifacts of specific density functionals, we are also carrying out calculations by employing LSDA and PBE
functionals (as implemented in Gaussian 03 package). The methodology which provides best agreement
with experimental spectra will be used to calculate important properties (as dipole and atomic charges) to
understand the interactions of these molecules.
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Figure 1: Frontier molecular orbitals for EO singlet state: a) HOMO and b) LUMO.
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