Cr3+-Activated Phosphors: Effective Luminescent Thermometers?
M. Back
Department of Molecular Sciences and Nanosystems, Ca’ Foscari University of Venice, Via Torino 155, 30170, Venezia-Mestre, Italy
e-mail: michele.back@unive.it
The development of contactless luminescent thermal sensors able to locally probe temperature is becoming very popular due to the interesting fields of application ranging from biology to catalysis, aerospace and microfluidic, to name a few [1].
Among the strategies proposed to probe the temperature, the use of the ratio between two luminescent signals coming from two thermally coupled excited states of a luminescent ion has been recognized as one of the most reliable techniques [1-3]. Despite the interesting results obtained with lanthanide ions, the ratio between the 4T2 and 2E emissions of Cr3+ ions can also be used as ratiometric thermometer [4-9]. To design a Cr3+-activated thermometer, the emission from both 4T2 and 2E is necessary. This can be achieved by controlling the octahedral site of the host to fall in the so-called intermediate crystal field (CF) range in which the suitable 4T2-2E energy gap (ΔE) play a critical role on the thermometric performances.
Here, as a case study, the mullite-type Bi2M4O9:Cr3+ (M=Ga, Al) crystal system [4-6] is considered to discuss the potentials and the limits of the Cr3+-activated thermometers. The role of the CF and its effect on the electronic levels of Cr3+ are spectroscopically investigated. The CF strength 10Dq and the Racah parameters B and C are calculated and exploited in the framework of Tanabe-Sugano diagram. The electron-phonon interaction is discussed in terms of phonon energy and the potential of the systems as luminescent thermal sensors is assessed by analyzing the temperature dependence of the PL spectra. In the Bi2M4O9:Cr3+ (M=Ga, Al) systems, the 2E is split into two R-lines (called R1 and R2) allowing to simultaneously define two thermometric parameters (based on 4T2-2E and R1-R2 couples) working into two different temperature ranges in the same compound. The thermometric performances of the systems are compared with the literature discussing parameters such as the relative sensitivity (Sr), the temperature uncertainty (δT) and the reproducibility (R). For singly-activated ratiometric thermometers based on the Boltzmann distribution, the absolute sensitivity (Sa) is also a good parameter, describing the extent of the change of the thermometric parameter with the temperature, very important from the application point of view. The effect of ΔE variation on Sr and Sa is discussed. The absolute sensitivity of Boltzmann distribution-based systems is theoretically investigated demonstrating the potential of Cr3+-activated phosphors as luminescent thermometers. Finally, the flexibility of this class of thermometers will be discussed and an example of real application will be introduced, showing the possibility of this family of thermometers to locally probe the temperature of a metallic catalyst during the catalytic reaction of C2H4 hydrogenation [8].
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