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In order to elucidate the reasons for the described changes in spectral properties, LC-MS analysis was carried 
out for the dye 1 samples that had been stored under different conditions. After storing of the photosensitizer 1 in 
a non-airtight glass or plastic container for 3 months at 2– 6 °C virtually no changes in the mass spectrum were 
observed. Storage in a non-airtight container at 22–26 °C caused significant degradation of the dye 1 as soon as 
after 3 months. According to the LC-MS analysis, upon storage at the room temperature ester bonds in the dye 1 
molecules are cleaved. It is evidenced by presence of the peaks corresponding to the dye 2 and free polyethylene 
glycol in the mass spectra. Hence, storage temperature affects the hydrolysis rate of the dye 1 ester bonds.

Purity testing of the dye 1 with the aid of LC-MS is not always possible due to limited access to the ne
cessary equipment and a relatively large amount of time required for the testing. When the photosensitizer 1 is 
stored under unfavorable conditions, it is contaminated with the dye 2. The compounds 1 and 2 differ in water 
solubility and, consequently, in spectral properties of their aqueous solutions. It is thus suggested to identify 
the contamination of the photosensitizer 1 with the dye 2 by analyzing absorption spectra of the aqueous solu-
tions. In order to determine the impurity concentration that can be identified with the aid of spectrophotometry, 
spectral properties of the dye 1 and 2 solutions of varying concentration were examined.

The dye 2 is virtually water insoluble at room conditions. Aqueous solutions of this hydrophobic dye can be 
prepared by addition of the ethanolic stock solution into aqueous medium as well as by a prolonged (ca. 2 h) 
ultrasonic treatment. The former method allows us to control the dye concentration and study the changes in 
spectral properties of freshly prepared solutions. The latter method does not require the addition of organic 
solvents and thus creates conditions similar to infusion solutions of the photosensitizer 1.

Spectral properties of the dye 2 aqueous solutions with ethanol admixture were studied thoroughly in [9]. 
It was shown that a narrow band at 514 nm with a FWHM of 21 nm (797 cm–1) appears in the absorption spec-
trum, when the dye 2 concentration exceeds 2 mmol/L. This absorption band corresponds to H*-aggregates, i. e. 
nanostructures containing many molecules of the dye 2.

Alternatively, aqueous solutions of the dye 2 were prepared by ultrasonication of an aqueous dye suspen-
sion. The absorption spectrum of the suspension immediately after ultrasonication is characterized by a broad 
long-wave band peaked at 706 nm and a narrow short-wave band peaked at 514 nm (fig. 3, curve 1). The long-
wave band decreases over time, whereas, the short-wave band increases (see fig. 3, curves 2, 3). The shape of 
the spectrum stays unchanged after ca. 10 days after preparation.

Absorbance in the spectral range between 850 and 1000 nm decreases over time and 14 days after ultra-
sonic treatment is virtually indiscernible (see fig. 3, curve 3). The decrease in absorbance is accompanied by 
sedimentation of undissolved particles of the dye 2. Hence, light scattering on the undissolved particles con-
tributes to the shape of the spectrum in this range. Absence of absorbance between 850 and 1000 nm 14 days 
after preparation of the suspension indicates that sedimentation of the undissolved particles is complete at this 
point. The homogeneous aqueous solution of the dye 2 can thus be decanted and used in further experiments.

Fig. 3. Absorption spectra of the dye 2 aqueous suspensions 3 min (1)  
and 30 min (2) after ultrasonication; absorption spectrum  

of the dye 2 aqueous solution decanted 14 days after ultrasonication (3)


