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Acidity is a fundamental parameter which regulates different processes in live organisms and should be controlled in cell organelles and biological liquids. It allows to track cells at different stages of their existence, and identify diseases at the initial stages of their development. Although a wide range of techniques such as electrochemical, nuclear magnetic resonance or absorbance spectroscopy are used to measure pH, fluorescence is more common due to its noninvasiveness, operational simplicity, high sensitivity, selectivity and ability to monitor rapid pH changes. 
Recently, a number of fluorescent pH probes have been developed, but majority of them measure rather neutral (6-8) or slightly acidic (4-6) pH. At the same time, extremely acidic conditions (˂4) are of great interest but only few probes are suitable for this range of pH. Pirydobenzothiazoles and their derivatives have huge conjugated systems and are widely used as an electron-donating chromophore. For this purpose morpholine, pyrrolidine and phenylamino-pirydobenzothiazoledicarbonitrile derivatives were synthesized. The aim of the work was to investigate their spectroscopic properties and how substituents affect their pH response. Fluorescence spectroscopy, UV-vis spectrophotometry and surface enhanced Raman spectroscopy were used as main techniques.  
All probes feature absorbance spectra with a wide wave band at 350-480 nm in acetonitrile, DMSO and their water-organic mixtures. The colour of the solutions is yellow-greenish. The type of the media and their dielectric constants does not affect maxima shift (except pyrrolidine derivative) but does affect probes` extinction coefficients. As the main chromophore group is similar for all probes, substituents do not show huge impact on spectroscopic properties. 
Probes are characterized with intense blue-greenish fluorescence in solutions. Emission spectra show 2-peaked wide band both in pure aprotic solvents (acetonitrile and DMSO) and their water-organic mixtures (3.2% org). There is no significant shift in emission maxima. 
Quantum yields were determined. Morpholine and pyrrolidine derivatives show high quantum yields in DMSO, acetonitrile and water-acetonitrile mixture (10% ACN). 
Probes protonation was studied. Absorbance spectra in phosphate buffers show hypsochromic shift and appearance of new maxima with isosbestic point which indicates formation of protonated probe. 
Fluorescence was measured under different pH in phosphate buffers. All probes show intensity decrease within 5.0 – 1.0 pH which indicates imino- group protonation. At the same time, emission intensity increases within certain acidity in water-organic mixtures, which prove substituents protonation. Protonation constants were calculated using Henderson-Hasselbalch equation.  Obtained values corelate with theoretical (calculated using ACDLabs software). As predicted, the most basic pKa is referred to pyrrolidine derivative while the most acidic – to phenylamino. 
SERS spectra were measured under different pH. Probes feature functional groups characteristic vibrations. Some of them indicate structural changes which prove protonation. 
Conducted studies indicate the prospects of fluorescent probes based on pyridobenzothiazoledicarbonitrile and the possibility of their application in bioimaging.
