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1. Introduction
Local temperature control in water environment is essential for both, soft matter- and life-science applications. The thermal sensing techniques developed are not directly applicable for thermal studies in water environment, particularly if simultaneously high thermal sensitivity, ratiometric and all-optical response are desired. A realistic temperature sensing alternative could be the process of triplet-triplet annihilation photon energy upconversion [1] in water environment (TTA – UC): It is inherently micro-scale sensing techniques – the sensing function is carried out by ensembles of organic macromolecules embedded in micelles of non-ionic surfactants. The TTA – sensing function is performed in all-optical regime by using a single excitation wavelength, although two characteristic optical signals (ratiometric response) are registered [2]. 
2. Results and discussion
Since the TTA – UC is a process controlled by the rotational diffusion of the interacting photo excited species it will depend extensively on the local mobility of the participating molecules, embedded in the hydrophobic core of the optically inactive micelles (Figure 1). Therefore, the dependence of the core viscosity on the sample temperature will lead to temperature dependence of both, the emitter delayed fluorescence and the residual sensitizer phosphorescence. Those two optical signals acting as ratiometric material response on the local temperature change ensure inherent & instantaneous compensation of the possible local changes of the sample parameters, and create non-ambiguous temperature calibration curve (Figure 2). 
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Figure 1: Dependence of the luminescence spectra of the micellar TTA-UC system in water environment on the sample temperature. 
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Figure 2: Calibration curve - dependence of the ratio of UC-delayed fluorescence versus residual phosphorescence on the sample temperature. 

The influence of emitter hydrophobicity on the energetic and dynamical properties of process of TTA-UC in micelles of non-ionic surfactants, as well as identification of the non-ambiguous temperature calibration curves and measurement of local temperature in all-optical regime with sensitivity better than 0.05 K and temporal resolution of 200 µs will be demonstrated and discussed. 
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