
22

Журнал Белорусского государственного университета. Физика. 2020;3:17–23
Journal of the Belarusian State University. Physics. 2020;3:17–23

Solutions of the dye 2 prepared by the two described methods have similar shape of the absorption spectra. 
Consequently, the band at 514 nm can be ascribed to the H*-aggregates of the dye 2. The broad long-wave 
band corresponds to both the monomers and the dimers with absorption peaks at 706 and 658 nm, respectively. 
The H*-aggregates are formed in the aqueous solutions with ethanol admixture, when the dye 2 concentration 
exceeds 2 mmol/L. In the aqueous solutions prepared with the aid of ultrasonication the H*-aggregates remain 
stable, when the concentration is decreased to as low as 0.5 mmol/L.

Thus, the presence of the band at 514 nm in the absorption spectrum of the dye 1 after long-term storage 
(see fig. 2) is explained by contamination with the dye 2, whose molecules form the H*-aggregates. It is impor-
tant to understand, why the molecules of the hydrophobic dye 2 are present in such aqueous solution, where no 
organic solvents are present and no ultrasonic treatment was applied. The reason for that is probably solubili-
zation of a fraction of the dye 2 molecules with polyethylene glycol. Polyethylene glycol is covalently bonded 
to the dye 1 and is formed in its free form as a result of hydrolysis as well. Undissolved particles of the dye 2 
are responsible for the unstructured absorbance present in the whole absorption spectrum of the contaminated 
dye 1 (see fig. 2, curve 2).

The influence of polyethylene glycol on the dye 2 was studied in a thin layer (0.2 mm quartz cuvette) of 
the contaminated dye 1 solution. The band at 514 nm is initially present in the absorption spectrum. As water 
evaporates and the dye molecules are transferred to the cuvette walls, the absorption band at 514 nm decreases 
and is eventually indiscernable. The increase in polyethylene glycol concentration upon evaporation of water 
is probably the reason for dissolution of the dye 2 H*-aggregates.

The contamination of the photosensitizer 1 substance with the hydrophobic dye 2 can be identified by the pre
sence of the H*-aggregate absorption band at 514 nm. Absence of spectral overlap of this band with the long-wave 
absorbance of the photosensitizer allows efficient detection of the impurity.

Purity testing of the dye 1 has to be conducted in a certain concentration range favorable for the H*-aggre-
gate formation. In order to determine this concentration range, the mixtures of the dyes 1 and 2 with purity 
assured by LC-MS were prepared and their absorption spectra were analyzed. The dye 2 aqueous solutions 
were prepared with the aid of ultrasonication to avoid the influence of ethanol and then mixed with the dye 1 
aqueous solutions. The peak at 514 nm is readily discernible (fig. 4, a) in the spectrum of the solution con-
taining 792 mmol/L of the dye 1 and 8 mmol/L of the dye 2 (0.01 molar fraction of the dye 2). Absorbance at 
514 nm is present in the spectrum of the aqueous solution containing 198 mmol/L of the dye 1 and 2 mmol/L of 
the dye 2 (0.01 molar fraction of the dye 2) as well, however, it is not distinct (see fig. 4, b).

As a result, in the 800 mmol/L solution of the contaminated dye 1 the peak at 514 nm is distinct, whereas, 
the influence of polyethylene glycol on the H*-aggregates stability is negligible. In such a solution contami-
nation with the dye 2 can be detected, when the impurity molar fraction is as low as 0.01, which corresponds 
to 0.6 wt. %. Decreasing the concentration leads to a decrease in the H*-aggregate band and, consequently, to 
lower detectability.

Fig. 4. Absorption spectra of the 800 mmol/L aqueous solution of the dye 1, curve 1,  
and of the aqueous solution containing 792 mmol/L of the dye 1 and 8 mmol/L of the dye 2, curve 2 (a); 

absorption spectra of the 200 mmol/L aqueous solution of the dye 1, curve 1, and of the aqueous solution  
containing 198 mmol/L of the dye 1 and 2 mmol/L of the dye 2, curve 2 (b). All spectra are normalized at 439 nm


